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The International Geophysical Year, which began July 1, 1957, 
and will end December 31, 1958, is the most comprehensive study 
of man’s total environment ever undertaken. Indeed, it is by all 
odds the most extraordinary adventure in scientific co-operation 
that man has yet undertaken. 

Today there are sixty-seven countries co-operating in this study. 
It involves the study of the crust and interior of the earth, of the 


lots | 


heat and water budget of our planet, which means oceanography, bers 
abou 


meteorology, glaciology, and finally the physics and chemistry of | 
the upper air. wonc 

The International Geophysical Year is not just a great scientific this i 
program that a group of scientists dreamed up. Fundamentally it 
is an expression of man’s increased mobility and the pressure for a 
better knowledge of the environment in which he must move. 

To a large extent man’s long-range life on this earth depends 
upon a better knowledge of his environment. 

It is expected that these world-wide co-ordinated observations 
will yield major breakthroughs in our fundamental knowledge of 
such fields as ionospheric physics, geomagnetism, and particularly — 
meteorology. was | 

Except for the rocket and satellite program, which are really belief 
devices for studying the upper atmosphere, the most ambitious part waitin 
of this whole program is the Antarctic operation. Here on this vast health 
ice-clad continent are twelve nations with a total of forty-eight 
stations carrying out a program which will , for the first time in our >. 
history, give us some really definitive knowledge about the char- I Hay 
acter of this little-known continent. availal 
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po YOU KNOW..... 


_,.. That the Annual Meeting 
is at Berkeley on June 16-20? 


eG « That the only Summer 
School in conjunction with the An- 
nual Meeting will be on “Principles of 
Learning in Engineering Education”? 
It is jointly sponsored by the Educa- 
tion Methods Division and the CYET 
and will be on June 20 and 21 at 
Berkeley. An attendance of 100 is 
planned, YET’S will be given prefer- 
ence, and the registration fee will be 
$3.00. For detailed information write 
to: 

Professor James S. Campbell 

Dept., of Industrial Engineering 

University of California 

Berkeley 4, California 


p> .... That on the return of bal- 
lots for national officers several mem- 
bers have commented unfavorably 
about the election procedure? One 
wonders if the commentators realize 
this is the first time every member has 
had a chance to vote? Also, whose 
fault is it if the membership does not 
make use of its new privilege to nom- 
inate by petition? When the constitu- 
tion was revised last year various 
plans were considered. The decision 
to have the nominating committee 
present only one name for each office 
was based, to a large extent, on the 
belief that a group of hopeful workers 
waiting for the lightning to strike is a 
healthier situation than having a large 
number of “defeated candidates.” 


> .... That single copies of “Do 
I Have Engineering Aptitude?” are 
available to high school principals, 
counselors, and engineers requesting 
them on their letterhead when accom- 
panied by a self addressed stamped 
envelope? Mail requests to New 
Jersey Engineers’ Committee for Stu- 
dent Guidance, Dr. Fredrick A. Rus- 


sell, Meeting Secretary, Newark Col- 
lege of Engineering, 367 High Street, 
Newark 2, New Jersey. Quantities in 
multiples of fifty are available from 
Engineers’ Council for Professional 
Development, 29 W. 39th Street, New 
York 18, New York at a cost of $2.00 
per package of fifty. 


B& .... That there are ways by 
which all of us can help improve edu- 
cation in our secondary schools? Some 
suggestions of Dr. J. C. Warner, Pres- 
ident of Carnegie Institute of Tech- 
nology, taken from a CIT news re- 
lease, are: 


1. Make changes in the teachers’ 
certification laws in most states so that 
a person well-trained in subject mat- 
ter who has demonstrative ability as 
a teacher, should not be barred from 
teaching by the “Tariff Wall” which 
has been erected by our Teachers 
Colleges and State Education De- 
partments. 

2. Stress the intellectual develop- 
ment of the individual student through 
the study of college subjects under 
teachers who understand the subjects. 
This involves forgetting much of the 
former emphasis upon social aware- 
ness and life adjustment. This does 
not interfere with the attainment of 
these two qualities because an intel- 
lectually developed student is apt to 
be a better adjusted student in the 
long run. 


3. Good schools require all students 
to study English, history, languages, 
mathematics, and science as long as 
the subjects can be mastered. 

4. Mathematics and science are 
proper integral parts of the liberal 
education of all gifted students. These 
subjects are not reserved as a prov- 
ence only of those few who commit 
themselves to careers in these fields. 
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e> .... That “Public Understand- 
ing and Support for Education” is one 
of the latest publications of the Amer- 
ican Council on Education? The five- 
page booklet is being widely dis- 
tributed to newspapers and television 
and radio outlets. Copies may be 
obtained without charge from the 
Publications Division, American Coun- 
cil on Education, 1785 Massachusetts 
Ave., N.W., Washington 6, D. C. 


e& .... That a machine to auto- 
matically translate Russian into Eng- 
lish is almost completed? The U. S. 
Air Force has been working on it for 
more than two years to speed up 
bringing scientists and engineers up- 
to-date on Russian scientific progress. 
Mr. George Shiner, a U.S.A.F. elec- 
tronic engineer at Rome Air Develop- 
ment Center, New York, reported on 
this development at the recent Annual 
Convention of the Institute of Radio 
Engineers. At the same meeting Mr. 
H. P. Luhn of the IBM Corporation 
told of an electronic machine which 
will read a magazine article and then 
write an abstract. Now all we need 
is another machine to transmit the 
necessary electrical impulses to our 
brains while we are doing other things 
and thus speed up our learning of all 
we ought to know. 


> .... That 165 fellows have been 
selected from among more than 400 
applicants for the graduate fellowship 
program in nuclear science and engi- 
neering sponsored by the Atomic En- 
ergy Commission? Each fellowship is 
awarded for one year of study, but 
an individual fellow may be reap- 
pointed for as many as three years. 
Thus there are four who are in their 
third year of study, and forty-five who 
are second year students. The pur- 
pose of the program is to encourage 
more students at the graduate level 
to pursue courses of study in the 
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physical sciences and nuclear ener 
technology, with particular emphasis 
on reactor engineering and develop. 
ment. 


e& .... That 10 of the 54 Science 
Faculty Fellowships of the NSF fo, 
1958-59 were in engineering? The 
primary purpose of the awards js to 
provide an opportunity for college 
and university science teachers to ep. 
hance their effectiveness as teachers, 
There were 440 applicants. The tep 
engineers plan to attend eight differ. 
ent schools. 


ee .... That the 1958 Anmal 
Meeting of ECPD will be in St. Louis. 
Missouri on October 9 and 10? EJC 
has been invited to have a regional 
meeting at the same time. Other re- 
cent ECPD actions are to prepare a 
description of “minimum. standards 
for entrance into typical engineering 
colleges” and to revise “Professional 
Guide for Junior Engineers.” The 
Case Book on Ethics is progressing 
and should be ready by next October, 
when it is hoped a sponsor will be 
available. 


e .... That a broad survey of 
dentistry in the United States is being 
made by the American Council on 
Education? The $400,000 project will 
concentrate on dental education, re- 
search, practice, and health, and will 
take two years to complete. Most of 
the money is coming from the Kellogg 
Foundation and the American Dental 
Association. This is further evidence 
of the need for a study of the engi- 
neering profession. 


> .... That you should make 
plans now—for the Annual Meeting- 
University of California at Berkeley- 
June 16-20? Read your Preliminary 
Program for information and inspira- 
tion. 

W. Leicuton COLLINS 

Secretary 
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In and Around 


THE COLLEGE OF ENGINEERING 
UNIVERSITY OF CALIFORNIA, BERKELEY 


Host to the 1958 Annual Meeting 


Bevond all doubt, the number one 
engineering attraction at the 66th An- 
nual ASEE meeting in Berkeley, June 
16-20, will be a gigantic air condi- 
tioner. Perfectly efficient, so large its 
capacity can only be guessed at, it 
operates on the Pacific trade winds, 
keeping Berkeley at 69° F. (mean 
daily maximum) throughout the 
month. Nothing, in fact, is so rare as 
a day in June, in Berkeley, that any- 
one would call hot. 

In the San Francisco Bay area 
blessed by this pleasant, exhilarating 
climate are more points of engineer- 
ing interest than any single meeting- 
goer is likely to have time for. But 
many he may easily visit, and they 
come in such variety as to intrigue the 
specialist in almost any field. 

The great bay bridges, of course, 
are known even to engineers other 
than civils. But there are also the 
tremendous freeways, extending the 
bridges across the terminal cities, so 
to speak; the complex of electronics 
industries to the south of San Fran- 
cisco; the Bay itself, being resurrected 
by sanitary engineers from the near- 
cesspool of a few years back; the 
country’s biggest electric power sys- 
tem (Pacific Gas & Electric Co., peak 
load 4,080,000 kw.); major petroleum 


As with the February article on 
the scene of the 66th Annual Meet- 
ing, the Journat is indebted to 
Wayne H. Snowden, Lecturer in 
Transportation Engineering, for this 
description of engineering facilities 
at the University of California. 


with associated research 
groups; G-E’s boiling-water reactor 
at Vallecitos, generating commercial 
electric power; Ames Aeronautical 
Laboratory of NACA, with the largest 
wind tunnel in the United States (if 
not the world); the Corps of Engi- 
neers’ 340-ft., acre-sized working hy- 
draulic model of San Francisco Bay. 

These are things to see. But they 
are also symbols of an explosively 
growing complex of public works, 
agriculture, lumbering, mining, and 
industry that is in the background of 
engineering education in California 
as a whole, and of your host College 
in particular. 

Perhaps something of this was 
glimpsed ninety years ago, when the 
University of California charter-mak- 
ers, after setting out their general 
hopes for scientific and liberal-arts 
education at the new institution, wrote 


refineries 
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that it should also provide “special 
courses of instruction for the profes- 
sions of agriculture, the mechanic arts, 
mining, military science, civil engi- 
neering, law, medicine, and com- 
merce.” 


Engineering Today 

Engineering took on additional stat- 
ure four years later, in 1872, with the 
formation of a College of Civil Engi- 
neering. Soon after, Colleges of Me- 
chanics and of Mining were added. 
The three functioned for more than 
half a century until collected in a sin- 
gle College of Engineering, which to- 
day includes seven divisions: civil, 
electrical, engineering design, indus- 
trial, mechanical, mineral technology, 
and transportation. 
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The scope of instruction and ye. 
search is perhaps better indicated py 
the formally announced fields of 
study. A few of these are graduate or 
undergraduate only, but most are 
both. In addition to those already 
stated in the division names, they are: 
aeronautical engineering, agricultural 
engineering (in conjunction with the 
College of Agriculture, on the Dayis 
campus, ceramics, engineering phys. 
ics, engineering science (for graduates 
in mathematics or in the physical s¢- 
ences), geological engineering, hy. 
draulic engineering, irrigation engi. 
neering, mining engineering, naval 
architecture, nuclear engineering, pe- 
troleum 


engineering, process engi- 


neering, and sanitary engineering, 


Hearst Memorial Mining Building, a prominent part of the engineering campus. At right 
rear is Cary Hall, housing electrical engineering classrooms and laboratories. 
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COLLEGE OF ENGINEERING AT BERKELEY 


Yerba Buena Island and the San Francisco Bay Bridge, viewed from the air looking east 


toward the Oakland approaches to the bridge. 
at top of the photo, slightly right of center. 


The faculty numbers just about 200, 
headed by Dean Morrough P. O’Brien. 
Enrollment last semester was 1,983 
undergraduates and 465 graduates. 
Sponsored research is carried on at 
the rate of $2.1 million per year, to 
which extensive faculty research is 
added. 

These broad statistics about the 
College of Engineering at Berkeley 
will perhaps give the visiting educa- 
tor a general notion of the kind of 
college he is moving about in He will 
find engineering situated in a large 
group of buildings at the northeast 
comer of the campus (pictured in the 
February 1958 issue of the JouRNAL) 
and at the University’s 160-acre Rich- 
mond Field Station, 5 miles away. 
The field station makes room for bulky 
equipment and separates certain re- 
search activities from busy under- 
graduate laboratories on the campus 
proper. 

To inventory the outstanding facil- 
ities of the College in the many fields 


The Berkeley campus nestles in the hills 


of interest to various ASEE members 
would take many pages. But each 
member is likely to have some idea of 
what is to be found here in his own 
field, and locating it will be no prob- 
lem—on the contrary, he will probably 
be dragged off to see it. 


Basic Character 

Not to be seen so readily, however, 
are the attitudes or principles that 
spell out the character of an institu- 
tion. So some indication of what these 
are, in Engineering at Berkeley, may 
provide something not to be discerned 
from a map upon arrival, and yet 
make the place that you are visiting 
less strange. 

To begin with, Berkeley is one of 
three campuses on which the Univer- 
sity of California offers engineering 
instruction, the others being Los 
Angeles and Davis (site of the Col- 
lege of Agriculture, previously men- 
tioned). Further, engineering 
taught elsewhere in California: at the 


is 
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Stephens Union, a center of student activity on the University of California Campus at 
Berkeley. One of the largest and most varied student governments in the world has its 


headquarters here. 


U. S. Naval Post Graduate School, at 


privately supported institutions—in- 
cluding California Institute of Tech- 


nology, Southern California, Santa 
Clara and Stanford—and at seven 
other state colleges. Still further, the 
first two undergraduate years are 
available at most of the sixty-odd 
junior colleges throughout the State. 

Considering this variety of offer- 
ings, and looking to the future of the 
fast-growing State, those responsible 
for State educational policy sought to 
establish objectives for the different 
types of public institutions. Accord- 
ing to the policy agreed upon, the 
University of California programs of 
engineering education are aimed at 
preparing students for broad profes- 
sional engineering practice (especially 
in design, research, and development ) 
by stressing mathematical analysis, 
basic sciences and design, and by 
emphasizing both graduate study and 
research. 

The College of Engineering at 
Berkeley is thus in the throes of transi- 


tion to a greatly expanded program at 
the graduate level. At the same time, 
a strong undergraduate program is to 
be maintained, with emphasis on the 
upper division by virtue of the con- 
siderable number of students entering 
in the third year from California 
junior colleges. 

In the four-year undergraduate pro- 
gram, specialization is minimized, and 
a common core of science, mathe- 
matics, and fundamental engineering 
courses, as well as 18 units of human- 
ities, is required. Specialization is be- 
ing shifted into the graduate pr- 
grams. Already, one-fifth of the total 
engineering enrollment is in the grad- 
uate division. 

Perhaps a familiar note is begin- 
ning to enter this text. For certainly 
engineering at Berkeley shares the 
problems faced by engineering edu- 
cators countrywide. We hope youll 
come out and discuss them-that’ 
June 16 to 20—and we'll make sure 
the outdoor air conditioner keeps 
running while you're here. 
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POSTGRADUATE ENGINEERING EDUCATION 
IN INDUSTRY AND THE COMMUNITY 


FREDERICK C. LINDVALL 


President, ASEE; Chairman, Division of Engineering 


California Institute of Technology, Pasadena 


Presented at the Colorado Conference on Scientists and Engineers, spon- 
sored by the Colorado Engineering Council, Denver, November 14, 1957. 
Published jointly with the American Engineer of the National Society 


for Professional Engineers. 


Commencement is just what it im- 
plies—the start of an engineer's pro- 
fessional career. It is a much better 


term than graduation, because “grad- 
uation” implies the finish of some- 
thing; whereas it is merely a step in 
a continuing learning process. 


A young engineering graduate no 
longer is expected to be an expert in 
the particular classical field of Engi- 
neering which he studied. In a mod- 
ern Engineering curriculum he is not 
learning current art and _ practice 
which might make him immediately 
useful to an employer on routine 
analyses and designs. Instead our ma- 
jor industries have taken the long 
view, that it is the responsibility of 
industry to continue the education of 
the young engineering graduate, to 
teach him today’s art of engineering, 
and integrate him into the specific 
methods, procedures, and resources of 
a particular company. 

Industry says, further, that the col- 
leges should teach those things which 
are best taught in an academic insti- 
tution—the basic sciences, the Engi- 
neering sciences, advanced methods 
of analysis and synthesis and the Hu- 
manities. These are subjects which 
a company can teach less eftectively 
than the college unless the company 
is big enough to set up its own in- 
teal college, a step which is neither 
appropriate nor desirable except in 
specialized areas. Internal education 
programs should have different mo- 


tivations and objectives from those of 
academic instruction. 

Much thought has gone into the 
whole process by which the young 
engineering graduate enters a com- 
pany and begins his true professional 
development. I am sure most of you 
are already familiar with the pro- 
grams, but I wish to direct attention 
to the effort known as the “First Five 
Years,” which was sponsored first in 
the Cincinnati area by the Engineers’ 
Council for Professional Development, 
and later in the Detroit area. Here 
the effort has been to develop specific 
programs of company orientation, ro- 
tation, educational opportunities in 
the company and at nearby educa- 
tional institutions. The plan assists 
young men to enter community activ- 
ities, church, social, educational and 
cultural groups. Classes and work- 
shops are conducted in discussion 
techniques and leadership. 

In these ECPD experimental pro- 
grams in Cincinnati and Detroit, in- 
dustry and educational institutions 
and community groups have worked 
hand in hand to make the transition 
from academic to professional life as 
pleasant and as rapid as_ possible. 
The emphasis has been that real pro- 
fessional growth means not merely 
growth in technological fields, but also 
in humanistic and social responsibil- 
ities which every truly professional 
man should be prepared to assume. 
For these latter facets of professional- 
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ism, I refer you to the ECPD work. I 
wish to talk about educational op- 
portunities beyond Commencement. 
These necessarily vary from commu- 
nity to community, but are growing 
in scope and significance. 

Postgraduate education in engi- 
neering, as compared with basic sci- 
ence, is relatively new. Only within 
the last twenty-five years or so have 
appreciable numbers of Master’s de- 
grees and Doctorates been granted in 
engineering. This was partly due to 
the state of engineering maturity in 
industry, and also to inadequate ap- 
preciation of what advanced academic 
training could do for young engineers. 
The aircraft industry, which required 
analyses at a higher level of sophisti- 
cation than was general in engineer- 
ing practice, was the first to give sub- 
stantial recognition to advanced de- 
grees. In fact, the best education in 
Aeronautics has always been strictly 
of graduate character. 

Now, however, modern technology 
generally requires many more people 
with education beyond the Bachelor's 
level, and recognizes the importance 
of increased scientific and analytical 
content in the B.S. programs. Some 
of our larger companies have offered 
educational opportunities of one kind 
or another for thirty years or more. 
Some of this instruction has been 
within the plant; some of it specific, 
almost corporate indoctrination. By 
contrast, some of it has been gen- 
eral, given by some of the companies’ 
best engineers and scientists; some of 
it has been available at nearby in- 
stitutions; some of this work has been 
completely without regard to addi- 
tional academic degrees; other work 
has been planned as a degree program. 
Now educational opportunities have 
become an important part of em- 
ployee benefits and an opportunity to 
work for an advanced degree on a 
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part-time basis has begun to be an 
almost essential recruiting “gimmick” 

While there is a certain amount of 
competitive and defensive practice 
among companies with respect to 
some of these graduate programs, jn 
general there is a sincere desire on the 
part of industry to have the young 
graduates move forward in technical 
ability through advanced study be. 
cause of the recognized need in jp. 
dustry today for more advanced abil. 
ities than a Bachelor’s degree can 
provide. Throughout the country we 
find a complete spectrum of plans and 
educational opportunities. I would 
like to look with you at some of these 
and discuss attributes which in my 
opinion are both good and bad. Fifty- 
eight per cent of the present Engi- 
neering College graduate students are 
involved in part-time industrial pro- 
grams, so the problem is far from 
trivial. 

As examples of postgraduate op- 
portunities which have been in exist- 
ence for many years, we can consider 
three organizations, Bell Telephone 
Laboratories, Westinghouse Electric 
Corporation, and the General Electric 
Co., examining briefly the major fea- 
tures of each program. These show 
some major differences in concept, 
and all show evolutionary changes. 
This description by no means includes 
all of the educational opportunities 
offered by these three companies. 

The Bell Laboratories have encour- 
aged course work of two types, one 
strictly related to company products 
and needs, given internally by com- 
pany engineers and _ scientists; the 
other, subsidized extension or part 
time graduate work at nearby institu- 
tions. This off-campus work was ot 
fered on a basis of tuition refund upon 
satisfactory completion of the par- 
ticular course for which the man had 
registered. This outside work gave 
opportunity for a student to study ad- 
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yanced mathematics, modern physics, 
chemistry, and similar topics. A stu- 
dent might or might not, through a 
sequence of courses, meet require- 
ments for a degree at some institution. 
Later developments within the com- 
pany expanded the program, with 
outside courses still encouraged but 
with more internal instruction avail- 
able covering a wider range of tech- 
nical competence. 

Most recently the Bell Laboratories 
have contracted with New York Uni- 
versity to operate a Graduate Center, 
in which New York University faculty 
offer the courses to company em- 
ployees as part-time graduate stu- 
dents. The standards for admission, 
requirements for degrees, and all aca- 
demic concerns are strictly the re- 
sponsibility of New York University. 
In short, the Bell Telephone Labora- 
tories by this arrangement have made 
it easier for their employees to take a 
part-time graduate study program in 
physical facilities provided by the 
company at the Laboratories. Only 
Bell Laboratories employees may reg- 
ister with this particular Graduate 
Center. 

Westinghouse for many years has 
encouraged its young engineers to 
register for part-time graduate work, 
commonly in night classes, at colleges 
and universities near the company’s 
various plant locations. This has de- 
veloped into quite a comprehensive 
program, with provision for adjust- 
ment in working hours, and tuition re- 
fund to make this type of technical 
program valuable and attractive to 
young engineers. The essential fea- 
ture is that the principal educational 
activity, other than internal orienta- 
tion courses, has been at established 
institutions which offer graduate work 
for all qualified applicants, whether 
company-employed or not.  Fre- 
quently the schools augment their 
faculty by part-time service of West- 
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inghouse engineers and scientists or 
from personnel of other conveniently 
located companies. Many engineers 
with Westinghouse have obtained 
Master’s degrees and a substantial 
number have earned their Doctorates 
by this part-time outside study pro- 
cedure. 

The General Electric Co. until very 
recently has operated its educational 
work on a strictly internal basis. A 
pattern of courses has been developed 
over the years to cover the needs of 
the engineering employees in all 
phases of company operation, in spe- 
cialized subject areas and planned 
courses of study, now known as “The 
Advanced Technical Program.” Many 
of these courses are open to anyone 
who will take them on his own time. 
The Advanced Technical Program, 


with its various ramifications extend- 
ing through two or three years, is 
done in part on company time and in 


large measure by home study. 

Only a limited group of carefully 
selected men is admitted to this pro- 
gram, which is combined with a rotat- 
ing job-assignment schedule. Instruc- 
tion is given largely by company per- 
sonnel, with occasional outside lec- 
turers. These programs put great 
emphasis on problem-solving. The 
problems cover many technological 
subject areas, and frequently one 
problem involves information and 
methods from several fields of engi- 
neering and science. In the second 
and third years, several areas of spe- 
cialization are open to the student. 
A man who finishes three years of this 
Advanced Technical Program enjoys 
recognition and prestige within the 
company of a sort which an advanced 
degree from an educational institu- 
tion does not necessarily give. 

On the other hand, there is some 
feeling that for the amount of work 
which a student has invested in these 
three years of advanced training, he 
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should have something similar to an 
advanced academic degree which 
would be recognized outside the com- 
pany. For obvious reasons, however, 
the company does not wish to class it- 
self as an educational institution and 
grant academic degrees; and, for the 
man who continues his career within 
the company, recognition is guar- 
anteed. 

Within the last two years, the Gen- 
eral Electric Company has expanded 
its educational opportunities by ar- 
ranging additional part-time graduate 
study programs for a limited number 
of engineers at colleges near certain 
of the company plants. With the 
rapid growth of the company and the 
policy of decentralization, internal 
educational programs are more diffi- 
cult to administer uniformly. Also, 
the competitive value of a part-time 
degree program has come to be im- 
portant in recruiting young graduates. 

These three companies have been 
mentioned primarily because they 
have been involved in postgraduate 
education for many years and because 
they have different patterns. Other 
companies, large and small, have vari- 
ous kinds of education and training 
available to their engineers. In some 
instances the opportunity is simply 
one of tuition refund for successful 
completion of any course whether 
night, extension, or correspondence, 
which the engineer wishes to take, 
provided it is not completely irrele- 
vant to the company’s long-range 
interests. 

Some of the smaller companies ar- 
range for outside consultants or aca- 
demic staff members to conduct with- 
in the company specialized courses 
which may or may not qualify for 
academic credit. Some University Ex- 
tension Divisions may offer quite a 
variety of courses open to the engi- 
neers of a particular company and 
may even assign a man or two to be 
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in residence at the company giving 
some of the lectures and being ayajj. 
able for counselling and administra. 
tive work. Well-coordinated pro- 
grams of this kind frequently lead to 
Master's degrees. 

Finally a large number of com. 
panies now offer the well-known half. 
time graduate study programs with 
nearby institutions, in which the em. 
ployee attends school, taking approx. 
imately half of the normal academic 
load, either at certain hours of each 
day or on certain days of the week 
with the remainder of his time spent 
on his engineering work for the com- 
pany. These programs have been 
quite popular and have been encour- 
aged by the liberal attitude on the 
part of the Defense Department agen- 
cies toward contractor cost-allowances 
in support of such activities. 

For work beyond the Master’s de- 
gree, no clear patterns exist. Varia- 
tions range all the way from tuition 
refund plans, in which the employee 
takes courses entirely on his own time 
and does a thesis within his company 
employment under supervision of a 
professor at the college with which 
he is registered, to assingment by the 
company at full salary to an academic 
institution where a man has already 
accumulated some advanced stand- 
ing, in order that he may spend a full 
year or year and a half of residence 
in concentrated work on his academic 
requirements, with his thesis done at 
the institution. 

This latter procedure is probably 
the best educational opportunity 
which a company can offer an em- 
ployee. Moreover, all costs consid- 
ered, including loss of work efficiency 
under a split-time work-school plan, 
the concentrated study scheme is 
probably cheaper for the employer. 
The employee is certainly expected to 
return to his company after complet: 
ing the work for the degree, and in- 
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deed loyalty and a sense of moral 
obligation will bring the man back. 

Sometimes contractual arrangements 
are attempted in which the employee 
agrees to work for the company for 
some period of time after the degree. 
Such an arrangement is of question- 
able legal value, however, and would 
certainly not create the goodwill that 
a plan based solely on moral obliga- 
tion does. If the man is on the com- 
pany payroll on this “detached duty,” 
he must make the awkward move of 
formally resigning if he chooses not 
to return. 

The rapid growth of such industry 
plans for postgraduate training of en- 
gineers has not been an unmixed 
blessing. Critical examination shows 
that some of the programs involve a 
rather low order of graduate work, 
and in many of the programs it would 
appear that the advanced degree is 
the primary motivation, rather than 
the graduate education. This asser- 
tion would be denied vigorously in all 
quarters. The importance attached to 
a degree is all too evident, however, 
from discussions or negotiations be- 
tween industry and college repre- 
sentatives in establishing graduate 
programs. An_ illustrative extreme 
case of “degreeitis” exists in one com- 
munity in which several industries 
have prevailed upon the local college 
to offer a Master's degree in Engi- 
neering on a part-time basis, despite 
the fact that the school has not yet 
developed an undergraduate engi- 
neering program! 

Another pattern of advanced study 
which can endanger the reputation of 
the college involved, is the one in 
which the entire program of instruc- 
tion, except for nominal supervision, 
is offered on the company’s premises 
by regular company employees. The 
college satisfies itself as to the quality 
of the instruction and sets the require- 
ments for the degree. Without doubt 
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many of the engineers and scientists 
within the company who do this 
teaching are well qualified and would 
add to the prestige of a college were 
they on its faculty. It is still evident 
that the college could have grave dif- 
ficulty in maintaining proper aca- 
demic standards because of the evi- 
dent embarrassment associated with a 
critical evaluation of the teaching 
done by the company men. 

Another plan, an example of which 
was given earlier, is that of the New 
York University operation of a Grad- 
uate Center at the Bell Telephone 
Laboratories. This system can pro- 
vide excellent instruction and has the 
merit of being under the control of 
the academic faculty. One might 
fear, however, that company pressure 
for specialized work in new directions 
might tend to divert the programs 
from the breadth and generality 
which is characteristic of the best 
graduate education. This scheme 
also suffers in large measure, as does 
the one just previously described, 
from loss of the intangibles which 
arise out of residence on the college 
campus. Something is absorbed 
through the soles of the feet or by 
osmosis. 

The graduate student in full-time 
campus residence has many educa- 
tional opportunities available to him 
other than the formal routine of at- 
tending courses: libraries, seminars, 
special lectures, informal discussions 
with faculty members, extensive “bull” 
sessions with fellow graduate students, 
observation of research in progress 
and, most important, 100% concen- 
tration on academic work. The old 
adage of “serving two masters” holds 
for part-time graduate study as well 
as anything else. The part-time grad- 
uate student has two records to keep 
in mind, one for his academic studies 
and the other for his performance on 
the job. There will be the very hu- 
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man tendency to slight one or the 
other of these responsibilities as com- 
peting pressures develop. 

For this reason and that of profiting 
from the values of campus life, some 
schools have insisted that a portion 
of the total period required for sat- 
isfying degree requirements be spent 
in full-time residence on campus. 
This is believed to be particularly im- 
portant if the other part of graduate 
study is at the plant or in a remote 
graduate center. 

Some Master’s degree programs re- 
quire theses. Others do not. The 
general nature of such a thesis would 
tend to be such that the question of 
where the research is done and under 
whose supervision the work is done is 
not a serious problem. For the Ph.D., 
however, the situation is somewhat 
more acute. Many colleges are un- 
willing to accept for the Ph. D. a the- 
sis or dissertation done at the place of 
the candidate’s employment. This 
may be an outmoded idea, but one of 
the essentials of the Doctoral thesis is 
that it be a piece of original work 
done by the candidate himself. 

This finished work should be sub- 
ject to challenge by the academic fac- 
ulty and anyone else and as such is 
construed as a publication without 
restriction. The supervision of the 
work by the academic faculty is nom- 
inal and takes the form of advice and 
counsel rather than specific instruc- 
tion or direction. There is a real 
danger that if a part-time graduate 
student does a thesis in his place of 
employment, he may not have ade- 
quate freedom in choosing his prob- 
lem and may not be free of close 
supervision and direction during the 
course of the work. 

In fact, the thesis may be a part of 
a larger study which is underway in 
the company’s laboratories, and as 
such could not allow full flexibility in 
the investigation. The result may be 
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that important side-issues are not jn. 
vestigated, nor are promising new dj. 
rections explored by the candidate. 
College people who worry about these 
thesis problems do not question the 
competence of the company person. 
nel with whom the candidate is work. 
ing; rather, there is the fear that the 
research, because of the industrial ep. 
vironment and motivation, will be less 
free and less a measure of the candi- 
date relying on his own resources, 

Some companies recognize these 
dangers and when arranging with an 
educational institution for inplant 
supervision of a thesis insist that the 
man’s thesis supervisor be some one 
other than the person to whom he 
reports in his regular course of duty, 
This procedure is a safeguard, but 
even so considerable care must be 
exercised because of the rather wide- 
spread use of teams in conducting in- 
dustrial research and development. 
A Ph.D. candidate as part of a team 
is not likely to achieve an independ- 
ent thesis from this work, even though 
it be different from that which he 
does in his normal employment. 
Again, there is no quibble with the 
quality of the work which industry 
can and does do in research. The 
candidate’s research experience might, 
however, be different from what he 
would have gained in a completely 
academic atmosphere. 

A counter-argument sometimes of- 
fered is that industry has facilities 
which no college could make avail- 
able to the student and frequently 
men of outstanding professional stat- 
ure who are in a position to help the 
part-time student. The right com- 
bination of circumstances can lead to 
a thesis of which the institution grant- 
ing the degree can be proud. On the 
other hand, the school must watch 
this type of collaboration with indus 
try with great care lest the difficulties 
of remote control lead to a cheapen- 
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ing of the degree. Colleges, in turn, 
must be careful that their own con- 
tract research as an area for thesis 
work is free of these same objections. 

No matter how well-intentioned 
these Industry-College graduate pro- 
grams may be, if the result is a lower- 
ing of quality of graduate education, 
grave harm will have been done for 
thefuture. From our graduate schools 
will come the bulk of the future teach- 
ers of engineering; if their graduate 
instruction has not equipped them to 
be professional leaders, our present 
hopes and desires of raising standards 
in Engineering education and attain- 
ing better scientific stature will have 
been in vain. 

At all costs we must strengthen 
graduate work where it exists already 
and be sure that new excursions into 
graduate instruction result in high- 
quality work. We are facing a very 
dificult time in that the demand for 


graduate instruction is increasing rap- 
idy and the number of high-grade 
teachers for it cannot be increased at 


Graduate work 
is more demanding in teacher time 
than undergraduate instruction, so 
that the number of teachers for a 
given increment in graduate students 
is substantially larger than that needed 
for the same increase in the under- 
graduate class. 

In addition, there is a need for light 
teaching loads and adequate facilities 
to make possible faculty research, fa- 
cilities for graduate student research, 
and reasonable office and study space 
for the graduate students. All of 
these compound the cost of graduate 
instruction. Industry has tried in 
various ways to help the colleges meet 
the staff and dollar needs which in 
part are occasioned by industry’s en- 
thusiasm for advanced degrees. Sub- 
sidies of one kind or another, the loan 
of company men for part-time teach- 
ing, the use of industry-owned facil- 


nearly as fast a rate. 
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ities, gifts of loans of equipment—all 
of these help, but so far fail to meet 
the true costs of graduate instruction. 

Industrial scholarships for students 
are excellent for the student, but ac- 
tually add to the burden of cost of 
instruction at the college which he 
attends. Some companies have recog- 
nized this difficulty and have incor- 
porated in their scholarship plans an 
accompanying institutional grant to 
help defray some of the costs of the 
student’s education. An across-the- 
board figure for my own campus, 
which has nearly half of the students 
in graduate work, shows that the cost 
of instruction and research from our 
own funds runs about three times the 
tuition income from these students. 

One cannot, of course, say that 
each additional graduate student adds 
an incremental cost corresponding to 
three times his tuition, but substantial 
increases in graduate enrollment do 
require additional staff, more build- 
ings, more facilities, and a research 
budget to maintain the proper level 
of research activity and interest ap- 
propriate to a first-class graduate pro- 
gram. Of course, if we were satisfied 
to operate with little or no faculty re- 
search and confine our efforts pri- 
marily to classroom teaching of grad- 
uate students, our costs would be sub- 
stantially lower. We feel, though, 
that this would not be proper grad- 
uate education. 

All of this adds to the unhappy con- 
clusion that if graduate instruction is 
to be really good, industry will be 
doing itself and the colleges a dis- 
service by forcing graduate instruc- 
tion to expand faster than the colleges 
can meet the load with adequate staffs 
and facilities. The students will not 
get the quality of instruction they 
should have. Industry will not get 
the benefits of the best in graduate 
education. 


(Continued on page 721) 





FULL-TIME EDUCATION 


In science and engineering educa- 
tion, we have been surpassed by Rus- 
sia. There is a present and real crisis 
in America. Can we continue to in- 
dulge our national luxury of part-time 
study? Will we build more school 
buildings and employ more teachers 
to be used only two-thirds of the 
year? Must our young people escape 
from learning for three summer 
months plus several weeks at Christ- 
mas, Easter, and between semesters? 

For several years now, there has 
been a cry for more school buildings, 
more teachers, and increased pay for 
teaching. The cry grows louder! 
These needs are in part artificial—the 
result of not fully using what we 
have. Should our colleges and high 
schools adopt a three-semester aca- 
demic year with four weeks vacation? 
For Students 

Under a_ three-semester system, 
most students would attend two of 
the three semesters, with one-third of 
the student body on vacation at any 
one time. Better students would be 
encouraged to attend school continu- 
ously. There would be a student- 
semester production increase of ap- 
proximately forty per cent above the 
present output; it would be physically 
possible to attain the Ph.D. degree in 
five years after high school rather 
than seven. The Bachelor's degree 
would be gained by many students in 
three years instead of four. 

More brilliant students should be 
subsidized to prevent interruption of 
their education. The average stu- 
dent, who attended two semesters per 
year, would find more job opportuni- 
ties on his off-semester, since two- 
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thirds of the total student group 
would be in school at any time. 


For Teachers 


Most teachers would increase their 
annual student-semester production 
by fifty per cent, and would therefore 
merit a salary increase of approxi 
mately fifty per cent. The present 
monthly salary for teachers is toler. 
able—but the annual salary is quite 
inadequate. We cannot logically ex. 
pect pay for months we do not work! 
The present artificial teacher shortage 
would be significantly eased by teach- 
ing three, not two, semesters per year. 
What member of the faculty would 
object to an increase in salary from 
six to nine thousand dollars per year, 
or from eight to twelve? 

Would lack of summer vacation 
hinder professional development of 
faculties? Most professional people 
outside of teaching are used to a sixty- 
hour week in order to get ahead, and 
only two weeks vacation per year. 
How many college faculty members 
spend more than thirty hours per 
week on purely instructional duties? 
There would seem to be adequate 
time left for research, consulting, and 
committee work. 

Three sixteen-week semesters would 
still leave four weeks of vacation. If 
an individual faculty member needs 
additional time for professional de- 
velopment, let him take a four or 
eight-month leave of absence. 


School Buildings 


Classrooms and laboratories would 
not be empty four months of the year; 
they would be used, full time. The 
artificial shortage of capital construc: 
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tion would be largely corrected ex- 
cept for special needs, such as nuclear 


or rocket laboratories. Classroom 
buildings and student housing, both 
university-owned and private, would 
be in full year-around use. Certainly, 
to make the summer months both 
more pleasant and more efficient, most 
of our classroom and housing space 
should be air-conditioned. 

Climate is not solely a summer 
problem—we do have muggy days in 
May and September. Shall we mod- 
emize our college buildings by air- 
conditioning? And our high schools? 
Five years from now how many of- 
fices, stores, and factories will not be 
air-conditioned? Are we expected to 
study, learn, and teach at maximum 
eficiency in a comparatively inferior 
physical environment? 

Now and in the years ahead, shall 
we spend more billions for buildings 
to be used two-thirds time by students 
and faculty? 


The Summary 


Full-time education would bring 
the following advantages: 


1, Better students would acquire 
formal education more rapidly. For 
example: Now, education from grade 
1 to the Ph.D. requires nineteen 
years. This could be reduced to four- 
teen, fifteen, or sixteen years, depend- 
ing upon the number of concurrent 
semesters, or conversely upon the 
number of four-month vacations. 

2. Better students would not feel 
physically or socially out of phase be- 
cause of age; they would be part of 
a considerable group in an acceler- 
ated program. It would be a matter 
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of esteem, not stigma, to be a member 
of such a group. In the future, col- 
lege entrants might average age six- 
teen, rather than eighteen. 

3. Better students should be sub- 
sidized to encourage continuous edu- 
cation. 

4. More students would take grad- 
uate work with the incentives of mar- 
riage, employment, and productivity 
at a much lower age. 

5. Most students, attending two 
semesters per year, would find less 
competition for jobs during their four- 
month vacation, since two-thirds of 
the student population would be in 
school at any time. 

6. Education would be provided 
for forty per cent more students with- 
out an increase in buildings or faculty. 

7. There would be no shortage of 
school buildings, except for special 
laboratories. 

8. Air-conditioning would increase 
efficiency of students and teachers. 

9. There would be no shortage of 
teachers. 

10. Teachers’ salaries would in- 
crease up to fifty per cent per year, 
with no increase in student-semester 
instructional cost. 

11. It is in the national interest to 
produce more scientists and engineers 
in the shortest time, and to have more 
with advanced Full-time 
education can be implemented now, 
with what we have, to increase our 
supply of educated brainpower. 

12. We have long since passed the 
need of the agrarian summer vaca- 
tion; this tradition should not enforce 
the luxury of part-time use of our 
schools and teachers. 


degrees. 





WHY NOT A THREE-SEMESTER 
COLLEGE YEAR? 


We have recently been exposed to 
several articles on the problems which 
our colleges and universities face in 
providing adequate staff and physical 
facilities for rapidly increasing enroll- 
ments. Similar problems are often 
faced by industrial managers and in- 
dustrial engineers who must provide 
adequate staff and physical facilities 
for manufacturing new products or 
higher production quantities. Meth- 
ods of increasing the utilization of 
present staff and facilities are always 
carefully studied before expansion is 
contemplated. 

Most of our colleges and universi- 
ties now limit their major activities to 
a nine-month academic year. Schools 
which are on the quarter system are 
in a more favorable position; but, 
many educators seem to prefer the 
sixteen-week semester. So why not 
consider a three-semester year? Such 
a schedule would seem to offer some 
distinct advantages for schools which 
are presently on a two-semester basis. 


“A” Term 
1. Term Commences: 
2. Labor Day Vacation: 


3. Thanksgiving Vacation: 


4. Term Ends: 


“B” Term 


1. Term Commences: 
2. Term Ends: 
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One limitation, as will be shown, js 
that each term must not exceed six. 
teen full weeks, including any special 
periods for final examinations, 

A three-term year would necessitate 
elimination of, or at least reduction 
of, the spring vacation to provide suf. 
ficient scheduling time between terms, 
A full two-week vacation could be 
maintained for the Christmas hol. 
days, and additional vacation days 
would still be provided for Thanks. 
giving, Memorial Day, July 4th, and 
Labor Day. Essentially, each sixteen- 
week term would consume four cal- 
endar months. The proposed monthly 
periods for three terms would be 
September through December, Jan- 
uary through April, and May through 
August. Of course, the actual start- 
ing and termination dates would vary 
from year to year. 

Consider the following three-term 
schedule for the period August, 1937, 
through December, 1958, assuming a 
51-day week: 


Wednesday, August 28, 1957 
Monday, September 2 
Thursday, November 28 
Friday, November 29 
Saturday, November 30 


Saturday, December 21 


Monday, January 6, 1958 
Saturday, April 26 
Jrl. Eng. Ed., V. 48, No. 9, May 1958 
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” Term 





. Term Commences: 





2. Memorial Day Vacation: 






2 
3. July 4th Vacation: 
4, Term Ends: 













” Term (2nd Round) 


1. Term Commences: 





2. Labor Day Vacation: 





9 


3. Thanksgiving Vacation: 






4, Term Ends: 













This plan will work equally well for 
schools on a five-day week. Note that 
a full two-week Christmas vacation is 
provided between the “A” and “B” 
tems, and short registration and 
scheduling breaks are provided be- 
tween the “B” and “C” and the “C” 
and “A” terms. Effective use of a 
three-term plan would necessitate ad- 
vance registration of students, a prac- 
tice which is currently being followed 











Freshman 1—“A” Term 






Freshman 2—“B” Term 
Vacation—“C” Term 
Sophomore 1—“A” Term 





Sophomore 2—“B” Term 
Junior 1—“C” Term 








Vacation—“A” Term 
Junior 2—“B” Term 
Senior 1—“C” Term 
Senior 2—“A” Term 









Under this plan, a student could 
complete an eight-term program in 
3% years—starting the end of August 
and finishing in December just be- 
fore Christmas. Graduation exercises 
would be held at the start of the 
Christmas holidays, and the graduate 
could start either work or graduate 
studies in January. Since most mas- 
t's degree programs require, or 
probably should require, three full 
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Thursday, May 1, 1958 
Friday, May 30 

Friday, July 4 

Friday, August 22 


Wednesday, August 27, 1958 
Monday, September 1 
Thursday, November 27 


Friday, November 28 
Saturday, November 29 
Saturday, December 20 


by several colleges and universities. 

Except in very large departments 
or schools, it would probably not be 
possible to offer all courses during all 


three terms. Similarly, it would be un- 
desirable for a student to go straight 
through his undergraduate curriculum 
without any breaks. Therefore, the 
student might follow a program com- 
parable to the one given below for 
eight terms: 


September through December 
January through April 

May through August 
September through December 
January through April 

May through August 
September through December 
January through April 

May through August 
September through December 





semesters of work, master’s degrees 
could also be awarded at the Decem- 
ber commencement exercises, follow- 
ing three consecutive full terms of 
study. 

Although the usual freshman, soph- 
omore, junior, and senior designations 
have been used in the program shown 
above, other terms could be used 
equally well. For instance, the soph- 
omore classification might be elim- 
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inated, in which case the program 
would be 


Freshman 1—“A” Term 
Freshman 2—“B” Term 

Vacation—“C” Term 
Junior 1—“A” Term 
Junior 2—“B” Term 
Junior 3—“C” Term 

Vacation—“A” Term 
1—“B” Term 
Senior 2—“C” Term 
Senior 3—“A” Term 


Senior 


Similar programs could easily be 
developed for ten-term plans. In the 


“A” Term (Fall): 
“B” Term (Winter ): 
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above eight-term plan, only two jp. 
stead of three vacation periods are 
provided; however, each vacation pe- 
riod is for four rather than three 
months, thus permitting longer yp. 
broken periods for student work 
travel, or make-up programs. The 
important feature of the plan is the 
increased utilization of staff and phys. 
ical facilities through a more equita. 
ble distribution over the full year, If 
Freshman classes were started only jn 
August, the following regular sched. 
ule distribution would develop—using 
only Freshman, Junior, Senior, and 
Graduate designators: 


Freshman 1, Junior 1, Senior 3, Graduate 3 


Freshman 2, Junior 2, Senior 1, Graduate 1 


“C” Term (Summer): Junior 3, Senior 2, Graduate 2 


With such a schedule, except for 
student schedule irregularities, the 
“C” term requirements should be 
slightly less than the “A” and “B” 
term requirements. This might be 
desirable if some of the physical facil- 
ities were not suitable for summer 
classes. However, the installation of 
adequate ventilating and _ air-condi- 
tioning systems, where needed, would 
be less expensive than new buildings. 
By starting Freshman classes in the 
“B” and “C” terms, a completely bal- 
anced schedule over the three terms 
could be readily developed. 

It is also interesting to contemplate 
staff assignment on a three-semester 
basis. Vacation periods would cover 
various seasons of the year and, al- 
though less frequent, would be of 
four-months duration. A four-man, 
four-year rotational teaching sched- 
ule, which provides three staff mem- 
bers teaching each term, is illustrated 
below: 


| 
| 
| 
| 





*V = Vacation; T = Teach. 


Under this rotational teaching plan, 
instructional staff would teach three 
terms in succession and then take 
one-term vacation. Over the four 
year period, teaching load would 
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average nine months per year as at 
present. One vacation would be 
taken in each of the three terms. The 
opportunities for staff development 
would be greatly enhanced. Research 
assignments could be made to cover 
three of the four-months teaching 
break, leaving a one-month vacation. 

With several colleges and univer- 
sities operating on a three-term plan, 
staff could take graduate and post- 
doctoral work during regular terms 
without special leaves. Longer four- 
month periods in industry would like- 
wise prove valuable. Finally, staff 
would probably welcome opportuni- 
ties for fall, winter, and spring vaca- 
tions. Of course, considerable flexibil- 
itv in the teaching and vacation sched- 
ule would probably be necessary. 
Thus, the three-semester plan would 


“A” Term (Freshman 1) 


Term Commences: 


l. 
2. Labor Day Vacation: 
3. Term Ends: 


“B” Term (Freshman 2) 
. Term Commences: 
2. Christmas Vacation: 
3. Term Ends: 
’ Term (Sophomore 1) 
. Term Commences: 
Memorial Day Vacation: 
3. July 4th Vacation: 
. Term Ends: 
ation (7 + weeks ) 


’ Term (Sophomore 2) 


. Term Commences: 

2. Thanksgiving Vacation: 
. Christmas Vacation: 
. Term Ends: 


’ Term (Junior 1) 


. Term Commences: 


WHY NOT A THREE-SEM"STER COLLEGE YEAR? 


seem to offer considerable promise for 
more effective utilization of staff and 
facilities. 

One other plan might prove of 
value to the large university. The 
present two regular semesters would 
be supplemented with three addi- 
tional terms, scheduled from Decem- 
ber through March, April through 
July, and August through November, 
respectively. The entering freshman 
would commence his work in August 
rather than September and would 
graduate, presumably, in August. 
Vacations would be of shorter dura- 
tion and would not be intended pri- 
marily as work periods. Scheduling 
might be complex for irregular stu- 
dents. Consider a regular student en- 
tering in August, 1958. His schedule 
of terms might be as follows: 


Wednesday, August 6, 1958 
Monday, September 1 
Wednesday, November 26 


Monday, December i, 1958 
Monday, December 22 through 
Saturday, January 3, 1959 

Saturday, April 4, 1959 


Thursday, April 9, 1959 

Saturday, May 30 

Saturday, July 4 

Saturday, August 1 

Monday, August 3 through 
Wednesday, September 23 


Thursday, September 24, 1959 
Thursday, November 26 and 
Friday, November 27 
Monday, December 21 through 
Saturday, January 2, 1960 
Saturday, January 23, 1960 


Thursday, January 28, 1960 
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Without carrying this schedule fur- 
ther, it can be seen that the student 
would finish his Junior 1 term in May, 
have a ten-week vacation until August, 
start his Junior 2 term in August and 
complete his Senior 2 term around the 
first of August, 1961. Thus he would 
complete his eight-terms in exactly 
three full years. He would have two 
extensive vacations of approximately 
ten-weeks and seven-weeks duration, 
respectively. He would also have an- 
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nual two-week Christmas vacations, 
regular holidays, and one regular 
Easter vacation during the “E” term, 
Junior 1 level. 

There are many other possible 
schedule arrangements. The impor. 
tant thing is that we seriously cop. 
sider ways for increasing the utiliza. 
tion of our valuable resources, The 
forthcoming educational responsibil. 
ities to be met make such studies 
pressing and mandatory. 





ELECTRICAL ENGINEERING DIVISION 


NEWSLETTER 


Since the last newsletter appeared 
(January 1958), the officers of the Di- 
vision have been concerned with ar- 
ranging for the details of the E.E. ses- 
sions at Berkeley as well as consider- 
ing possible future activities that 
might be of interest to our group. 
This newsletter summarizes events 
that have occurred to date. 

1. There are four activities at the 
Annual Meeting which have been 
scheduled particularly for members of 
the Electrical Division. On Monday 
evening, June 16, at 8 P.M. provision 
will be made for electrical engineers 
attending the meeting to meet one 
another and chat informally. Formal 
sessions have been planned for Tues- 
day and Wednesday afternoons at 2 
P.M. On Tuesday the theme will be 
“Educating the Electrical Engineer of 
1975.” The theme on Wednesday is 
“Physics in the E.E. Curriculum.” 

On Thursday, the annual luncheon- 
business meeting will be held at which 
officers for next year will be elected 
and any other appropriate matters will 
be considered. A nominating com- 
mittee composed of George B. Hoad- 
ley, A. H. Waynick, and S. Reid War- 
ren, Jr. as chairman has proposed the 
following nominees for office: 


or Chairman—Professor Austin V. 
Eastman, Dept. of E.E., Univer. 
sity of Washington 
For Vice Chairman—Dr. James H 
Mulligan, Jr., Dept. of E.E., New 
York University 
For Secretary (two candidates): 
Dr. Warren B. Boast, Dept. of 
E.E., Iowa State College 
Dr. Charles R. Vail, Dept. of EE, 
Duke University 


A joint luncheon has been set up 
by the Engineering Economy Division 


for Wednesday. Thursday afternoon, 
a formal session is planned jointly 
with the Mechanical Engineering Divi- 
sion on the subjects of Heat Transfer 
and Thermodynamics. 

3. Many members of the Electrical 
Division attended the M.LT. EE. 
Curriculum Workshop last September. 
It has been suggested that a follow up 
meeting to this Workshop would be 
a worthy project for the Division to 
sponsor in 1959, perhaps at theAnnual 
Meeting. This matter is to be dis 
cused at Berkeley, but in the mean- 
time suggestions are solicited as to 
whether the meeting should be held 
at all, and if so, be scheduled for Pitts- 
burgh or for some other location 
perhaps some other time. Comments 

(Continued on page 759) 





An Estimate of 


ENGINEERING SUPPLY 
AND DEMAND, 1955-1965 


HENRY H. ARMSBY 


Chief for Engineering Education, Office of Education 
U. S. Department of Health, Education, and Welfare, Washington 25 D. C. 


The tables below represent at at- 
tempt to combine figures from various 
sources in order to get an estimate of 
the relationship between supply of 
and demand for engineers over the 
near future. 

Table I presents estimates by the 
National Science Foundation: of the 


1“Trends in the Employment of Scientists 
and Engineers’ —N.S.F-56-11, May, 1956. 


number of available engineering jobs 
for the years 1955 and 1960, and for 
the year 1965 a direct interpolation 
between the Foundation’s estimates 
for 1960 and 1970. 

Table II presents yearly averages 
for the two five-year periods indi- 
The 


plained on the following pages. 


cated. various items are ex- 


TABLE I 


AVAILABLE ENGINEERING JOBS 


Estimates of National Science Foundation, based 


S. De 


Total Labor Force, as projected by the U 
partment of Labor 


700,000 950,000 1.250.000 


TABLE II 


YEARLY AVERAGES 


1, New Engineering Jobs Available 
) 


2. Deaths and Retirements 


| Demand for New Engineers 


Engineering Bachelor’s Degrees 


5. Other New Engineers 
. Total Supply of New E ngine¢ rs 


7. Deficit 


FIVE-YEAR PrRtToDs 


1955-60 1960-65 


50,000 
10,000 


60.000 
12,000 
60,000 72.000 


47.000 
15.000 


36,000 
15.000 
51,000 62.000 


9,000 10,000 
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1939-40 TO 1970-71 





TRENDS IN ENGINEERING EDUCATION 


(In United States and Outlying Parts) 






ENGINEERING ENROLLMENTS AND DEGREES COMPARED WITH TOTAL COLLEGE 
ENROLLMENTS AND DEGREES (IN THOUSANDS) 






Revised January 24, 1958 


Prepared by Henry H. Armsby, U. S. Office of Education 





Fall E 





nrollments Degrees Granted 








Total 













Freshman | Bachelors Graduate 
Academic — - — — — 
eal Engineering Engineering Engineering Engineering 
All All Alt |= All ; 
College : | % of College : % of College v % of College ; 
No. Total | No. Total No. Total No 
1 (2 (3 (4 5 (6) (7) (8) (9) (10 (11 12 “ 
1939-40 | 418.0 | 31.8 | 7.7 | 1,364.8 | 1084 | 7.9 | 186.5 | 114] 61) 300) 141/47 
1940-41 | — | 33.2 : 114.1 | - 12.7 15 
1941-42 | 379.0 | 35.0 9,2 1,180.4 | 112.7 9.5 185.3 28.1 
1942-43 | 364] - se 14.1 0.7 
1943-44 | 251.0 | 16.6} 6.8 733.2 48.1 6.6 125.9 | 10.6 8.4 15 0.6 | 38 
1944-45 — 17.3 | — 38.0 4,2 - 0.5 








| 
475.0 





















1945-46 42.0 | 88 | 1,073.6 | 88.0 | 6.3 | 136.2| 74] 54] 21.2 | 111/52 
1946-47 | 696.4 | 93.0 | 13.4 | 2,078.1 | 225.0 | 10.8 19.3 og pe 
1947-48 | 592.8 | 64.0 | 10.8 | 2,338.2 | 244.4 | 10.4 | (272.3) | 28.9 | 16.8 | (46.4) | 4.6 | 9 
1948-49 | 568.8 | 53.0 | 8.3 | 2,408.2 | 241.6 | 10.0 | 366.7 | 45.2 | 12.3] 55.8 | 52/93 
1949-50 | 557.9 | 41.8 | 7.5 | 2,456.8 | 219.7 | 8.9 | 433.7 | 52.7 | 12.2| 649 | 54/83 
1950-51 | 516.8 | (34.3)| (6.6) | 2,296.6 | 180.3 | 7.8 | 384.4 | 41.9 | 109] 725 | 5.7 | 79 
1951-52 | (472.0) | 39.6 | 8.4 | (2,116.4) | (165.6) | (7.8) | 331.9 | 30.3 | 9.1] 71.3 | 47 | 66 
1952-53 | 536.9 | 51.6 | 9.6 | 2,148.3 | 176.5 | 8.2 | 304.9 | 24.2 | 7.9| 69.3 | (43)1(63 
1953-54 | 571.5 | 60.5 | 10.6 | 2,250.7 | 193.3 | 8.6 | 292.9 |(22.2)| (7.6)| 65.8 | 48 | 72 
1954-55 | 642.4 | 65.5 | 10.2 | 2,499.7 | 214.4 | 8.6 | 287.4 | 226] 7.9] 67.0 | 51176 
1955-56 | 689.6 | 72.8 | 10.5 | 2,720.9 | 243.2 | 8.9 | 311.3 | 263] 84] 682 | 53178 
1956-57 | 723.2 | 77.7 | 10.7 | 2,947.0 | 277.1 | 9.5 | 340* | 31.2 | 9.2*| 79.0*| 5.9 | 74° 
| 
1957-58 | 729.7 | 78.8 | 10.8 | 3,068.0 | 297.1 | 9.7 | 392* | 37* | 9.5*| 79.3*| 6.0*| 76° 
1958-59 | 741*| 78* | 10.5*| 3,300* | 314* | 9.5*| 421* | 40* | 9.5*) 90.4*| 6.9") 76° 
1959-60 | 771*| 81* | 10.5*| 3,500* | 332* | 9.5*| 437* | 41* | 9.5*| 97.9*| 7.4*| 7.6" 
1960-61 | 828*| 87* | 10.5*| 3,600* | 342* | 9.5*| 450* | 43* | 9.5% 103.4*| 7.8*| 76° 
1961-62 | 910*| 94* | 10.5*| 3,800* | 361* | 9.5*| 459% | 44* | 9.5%) 108.0") 8.2*) 76 
1962-63 | 924*| 95* | 10.5*| 4,000* | 3g0* | 9.5*| 478* | 45* | 9.5*|111.0*| 85*| 76 
1963-64 | 924*| 95* | 10.5*| 4,200* | 398% | 9.5* | 515* | 49* | 9.5*| 116.3*| 8.8*| 7.6" 
1964-65 | 969*| 100* | 10.5*| 4,400* | 418* | 9.5*| 567* | 54* | 9.5*|125.3*| 9.5*) 76 
1965-66 | 1,163* | 122* 10.5* 4,700* | 447* | 9.5*| 576* | 55* | 9.5% 138.0*| 10.5*| 7.6 
1966-67 | 1,221* | 128* | 10.5*| 5,000* | 475* | 9.5*| 576* | 55* | 9.5* 142.0*| 10.8*| 7.6 
1967-68 | 1,234* | 129* | 10.5*| 5,300* | 503* | 9.5*| 605* | 57* | 9.5*| 144.8*| 11.0*| 7.6* 
1968-69 | 1,237* | 130* | 10.5*) 5,600* | 532* | 9.5*| 728* | 69* | 9.5% 152.4*| 11.6*| 7.6" 
1969-70 | 1,267* | 133* | 10.5*| 5,800* | 551* 9.5*| 766* | 73* | 9.5*| 180.6*| 13.7*| 7.6" 
1970-71 | 1,372* | 144* | 10.5*| 6,000" | 570* | 9.5 S*) 191.1* | 14.5°) 7.6" 
| | | 


*| 775° | 74" | 9. 









* Projections. 
Highest firm figure in each column is italicized, lowest since 1946 is in parenthesis. 
Projections for total enrollments and degrees were prepared by the Research and Statistical Service 
of the U. S. Office of Education, based on population statistics and educational trends. Engineering 
predictions are based on projections of the ratio of engineers to totals in each instance. 
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ExpLANATION OF ITEMS IN TABLE II 


New Engineering Jobs Available. This 
represents \% of the increase in esti- 
mated available engineering jobs for 
the 5-year period as shown in Part I. 
In other words, it is the estimated aver- 
age number of new engineering jobs 
per year for the period. 

2, Deaths and Retirements. These figures 
are estimates by the Bureau of Labor 
Statistics based on the numbers in item 
1 above. 

Total Demand for New Engineers. This 
is simply the sum of items 1 and 2 
above, and represents the estimated 
average annual demand for new engi- 
neers. 

Engineering Bachelor's Degrees. This 
represents the average number of engi- 
neering B.S. degrees per year which it 
is estimated will be granted during the 
5-year period.2 These estimates are 
based on population and educational 
trends. 

5. Other New Engineers. This represents 
an estimate to cover the persons who 
become recognized as engineers without 
receiving engineering degrees, plus 
those entering the profession from other 
fields, minus those leaving engineering 
to enter other areas of work. The fig- 
ure used is the average for such persons 
during the census decade 1940-1950, 
which may well be too high for present 
conditions, notably the increasing use of 
science in engineering and the require- 
ments for registration of engineers. 

6. Total Supply of New Engineers. This 
figure is the sum of items 4 and 5 
above, and is the estimated total aver- 
age annual supply of new engineers. 

7. Deficit. This figure represents the differ- 
ence between item 3 and item 6 above, 
and represents the estimated net aver- 
age annual deficit in new engineers. 


Remarks 

Such estimates as those in Tables I 
and II above involve many unknown 
factors, are subject to many possible 
errors, and can at best be considered 
only as approximations. For exam- 
ple, it has been pointed out by offi- 
cials of the Bureau of Labor Statistics 


*“Trends in Engineering Education— 
1939-40 to 1970-71, Revised January 24, 
1958,” prepared by Henry H. Armsby, U. S. 
Office of Education. 


that more accurate forecasts of engi- 
neering jobs could probably be made 
on an industry-by-industry basis. Un- 
til this is done, however, the estimates 
of the National Science Foundation 
herein quoted are the best available, 
and their use results in a generally 
adequate picture of future needs for 
engineers. 

The estimates of engineering de- 
grees are based not merely on popula- 
tion and educational trends, but also 
on the assumption that those young 
people desiring an engineering educa- 
tion will be able to secure one. This 
implies that the engineering colleges 
can and will be able to provide facil- 
ities and staff capable of serving ade- 
quately a student body which is ex- 
pected to increase by 85% between 
1955 and 1965 (135% by 1970). It is 
to be hoped that this assumption is 
valid, but its realization will call for 
great efforts by all concerned—the col- 
leges, the State and Federal Govern- 
ments, and the public. 

Even if these numbers of new engi- 
neers are realized, and especially if 
they are not, the national welfare de- 
mands that every possible effort be 
made to improve the quality of engi- 
neering education and the utilization 
of the engineers who are available. 

The Bureau of the Census estimates * 
that between 1955 and 1965 the total 
population of the United States will 
increase by 15 per cent, those be- 
tween the ages of 20 and 24 (roughly 
the college age) by 25 per cent, and 
those between 25 and 54 (the active 
productive labor force) by four per 
cent. These figures clearly indicate 
the need for increased productivity of 
the labor force, which must come 
from increased numbers of students 
pursuing higher education programs, 
and more importantly from improve- 

8 Current Population Reports, Population 


Estimates, Series P-25, No. 123 (October 
1955) and No. 170 (December 1957). 
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ments in the quality of such programs 
and from more effective utilization of 
their graduates. 

The Bureau of Labor Statistics esti- 
mates * that during the same ten-year 
period total employment will increase 
by 17 per cent, non-agricultural em- 
ployment by 23 per cent, and employ- 
ment in positions classified as “profes- 
sional, technical and kindred” by 43 
per cent. By coincidence this last 
prediction agrees exactly with the 
projected increase in Gross National 
Product. 

It should in all fairness be pointed 
out that the average annual shortages 
of engineers indicated in Table II are 
approximately 25 per cent of the aver- 
age number of students expected to 
earn engineering bachelors degrees, 
and only about one per cent of the 
estimated number of available engi- 
neering positions. 

It should also be pointed out that 
such annual manpower shortages do 
not accumulate, and therefore we can 
not say that if these estimates are cor- 
rect there will be a shortage of 95,000 
engineers at the end of 10 years. 
There may be some cumulative effect, 
but in most instances a company 
which fails to recruit as many engi- 
neers as it plans to use simply gets 
along with those it can hire, and 
leaves undone some of the things it 


4 Address by Ewan Clague, Commissioner 
of Labor Statistics, before AFL-CIO Con- 
ference on Changing Character of American 
Industry, Washington, D. C., January 16, 
1958. 
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had planned to do. It may seek to 
employ the same number of engineers 
the following year, but it is most yp. 
likely to seek twice as many, 

These two facts have led many to 
believe that the engineering supply 
and demand are very nearly in bal. 
ance. However, it must be remem. 
bered that the foregoing estimates are 
based on the “normal” growth of the 
country and on a continuation of the 
existing general political, economic 
and social climate—with no major war 
or depression. A war would greatly 
expand the need for engineers— 
major depression could seriously re. 
duce it. 

As this is written the country is ex- 
periencing a minor reduction in jn- 
dustrial activity, and the “market” for 
engineers has “softened” in certain 
places and certain fields. However, 
this is in all likelihood a temporary 
condition, which can, and probably 
will, quickly change as the nation 
reacts to the challenge symbolized by 
Sputnik. All the basic trends in this 
country, such as population, produc- 
tivity, Gross National Product, use of 
Technology in industry, and others, 
are upward for the long term, and one 
who tries to look ahead ten years can 
probably disregard such temporary 
“dips in the curve” as the current one. 

These considerations lead to the 
conclusion that for at least the next 
ten years engineers will continue to 
be in tight supply—unless something 
is done to increase the supply or de- 
crease the demand. 





ATTEND THE ANNUAL MEETING 
UNIVERSITY OF CALIFORNIA AT BERKELEY 
JUNE 16-20 





ARCHITECTURAL ENGINEERING-— 
ITS PLACE AND FUTURE 


LEONARD WOLF 


Professor and Head 


Department of Architecture and Architectural Engineering 


Iowa State College, Ames 


Adapted from a paper before Architectural Engineering Division, 


Ithaca, New York, June, 1957. 


Changes in building design during 
the past 100 years have been greatly 
influenced by new developments in 
various engineering fields. Because 
of the new developments in structures 
and building construction, Dankmar 
Adler, a prominent Chicago architect, 
requested the University of Illinois in 
the early 1890's to establish a program 
which would provide the kind of an 
education needed by young men to 
handle the complex structural prob- 
lems which were then confronting 
architects as a result of skyscraper 
construction. 

The curriculum developed at IIli- 
nois was the beginning of formal 
education in architectural engineer- 
ing, and many other schools followed 
this example. By 1930, 24 schools 
were offering architectural engineer- 
ing, while today we have 18 or 19 
schools with curricula in architectural 
engineering accredited by ECPD. 

In some colleges and universities, 
especially in the Midwest, architec- 
tural engineering was used to open 
the door for schools of architecture. 
In these situations, architectural engi- 
neering was first established, and after 
it had developed to the point where 
there was a good enrollment, archi- 
tecture was set up. At a number of 
colleges and universities which had 
four-year curricula in both architec- 
ture and architectural engineering, 
the enrollment during the late 1920's 
and early 1930’s was about equal. 

During the late 1930's and early 


1940's, most of the schools of architec- 
ture went from a four-year to a five- 
year program. A number of schools 
which had both architecture and 
architectural engineering consolidated 
these into one curriculum in architec- 
ture. As a result of this consolidation, 
architectural engineering was dropped 
by a number of schools. 

At other institutions, architectural 
engineering was continued as a four- 
year program, alongside the five-year 
program in architecture. There is no 
doubt that in some cases architectural 
engineering was used by students as 
an educational shortcut for the future 
practice of architecture. This cer- 
tainly is not a satisfactory situation. 

Over the years, architectural engi- 
neering has often been charged with 
being neither “fish nor fowl.” Some 
architectural educators have charged 
that there is not enough architectural 
design to justify the use of the term 
“architecture,” and some engineering 
educators have charged that there are 
not enough of the engineering sci- 
ences included to justify the use of 
the term “engineering.” Nevertheless, 
many architectural engineering grad- 
uates have had unusually successful 
careers in this field. 

It has also been charged that some 
graduates who are registered as pro- 
fessional engineers imply that because 
of their registration as an architectural 
engineer they are actually both an 
architect and an engineer. Today, 
therefore, when you mention the term 
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“architectural engineering” in certain 
circles, you often run into “fireworks.” 
Such critics suggest at once that archi- 
tectural engineering should be elimi- 
nated or in some way promptly dis- 
posed of. 

In my opinion, the “squeeze play” 
is on for the four-year curriculum in 
architectural engineering. Criteria 
for engineering education recom- 
mended by ASEE are now serving as 
a guide to ECPD visiting committees 
in accrediting engineering curricula. 
These criteria are going to force the 
typical curriculum to either four-and- 
a-half or five years in length. 

The next question is on the future 
of the architectural engineer. Archi- 
tectural engineering was established 
to provide an education for men so 
that they would be capable of doing 
structural engineering work on build- 
ings. Many architectural engineers 
do this kind of work. Graduates in 
the structural or engineering option in 
architecture are also well prepared 
for this field. 

If the engineering problems in 
buildings were limited to structural 
engineering, then graduates from a 
curriculum in architecture with a 
structural or engineering option could 
very likely handle most of these prob- 
lems. Then the architectural engi- 
neering graduate would no longer be 
needed in the architect's office. 

But structural engineering is only 
one area of engineering design needed 
by architects today. Mechanical and 
electrical equipment of buildings is 
now a major field, and architects to- 
day are frantically searching for men 
qualified to design the mechanical 
and electrical systems for buildings. 

The story as we hear it today must 
be very similar to that of the 1890's. 
It has been stated that Dankmar 
Adler and other architects were then 
not satisfied with the structural engi- 
neering work being done for them by 
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civil engineers. The civil engineer of 
that day was a very capable structural 
engineer, but he did not understand 
or appreciate what the architect was 
trying to do. 

Adler and his supporters not only 
wanted men capable of doing the 
structural engineering work, but also 
men who had an understanding and 
appreciation for architecture. Archi- 
tects have the same complaint today 
about the mechanical and electrical 
engineers who design systems for 
buildings. While these men are very 
capable engineers, they lack an ap- 
preciation and understanding of the 
architect’s point of view. 

Architects state that these men 
must have an appreciation and under- 
standing for architecture so that they 
will work with the architect and help 
him achieve his objectives. It is my 
opinion, therefore, that the architec- 
tural engineer of the future should be 
capable of working in structural, me- 
chanical, and electrical engineering 
fields as they apply to buildings or 
construction. 

In my opinion, the future of the 
architectural engineer lies in being 
the engineer of an architect-engineer 
team, on which one member or more 
is an architect and one or more an 
engineer. 

Architecture and engineering are 
two closely related _ professions. 
Though they are closely related it 
does not mean that the architect can 
eliminate the engineer or the engi- 
neer, the architect. These two pro- 
fessions must learn to have respect for 
each other and they must learn to 
work together more effectively. The 
architect-engineer firms have undoubt- 
edly solved this problem. 

The next question to be resolved is: 
what kind of an engineer do you call 
the engineer of the architect-engineer 


team? The architect-engineer firms 
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have resolved this problem by calling 
him simply an engineer. 

Our engineering schools find it nec- 
essary to offer as many different fields 
of engineering as are popular at the 
moment. This compartmentalizing of 
engineering education as well as engi- 
neering registration causes engineers 
to spend more time trying to put each 
other in their proper place than they 
spend in working for the common 
good of the profession of engineering. 
Recent criteria established by ASEE 
for engineering education should be 
helpful in strengthening engineering 
education and should reduce the ad- 
verse effects caused by the continual 
splintering of engineering education. 

Engineers could do well to look at 
the organization of the medical pro- 
fession. If engineering education and 
the profession were organized on the 
same basis as the medical profession, 
the first degree in engineering would 
be Bachelor of Science in Engineering 
or Bachelor of Engineering, rather 
than a bachelor’s degree in some field 
of engineering. The second degree 
could then be in some specialized 
field of engineering, such as mechan- 
ical, electrical, civil, or architectural. 
Since enginering education is not or- 
ganized in this way and there does 
not appear to be any likelyhood of a 
change, we must return to the situa- 
tion as it exists today. 

The term “architectural engineer” 
seems appropriate to describe the kind 
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of an engineer who has been educated 
to collaborate with an architect. Some 
suggest that he be called a building 
engineer; others suggest that he be 
called anything but an achitectural 
engineer. The problem of engineer- 
ing terminology, however, will grad- 
ually resolve itself as the other prob- 
lems confronting architectural engi- 
neering education are resolved. 

To summarize, it is my opinion that 
architectural engineering should be 
considered an engineering and not 
an architectural discipline. Architec- 
tural engineering curricula should be 
strengthened in engineering content 
so that they cannot be accused of be- 
ing “weak sisters” within the engi- 
neering profession. Graduates in 
architectural engineering should be 
registered as professional engineers 
and should leave registration in archi- 
tecture to graduates in architecture. 
Engineers and architects should work 
for a system of registration which 
would permit architects and engineers 
to be partners in an architect-engineer 
firm. Engineering societies should 
make it possible for architects to be- 
come associate members, and archi- 
tects should make it possible for engi- 
neers associated with architects to 
become associate members of the 
American Institution of Architects. 
Under these circumstances there will 
certainly be a place and a future for 
the architectural engineer. 
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Perhaps the answer will lie in sug- 
gesting that industry be more dis- 
criminating in offering graduate study 
opportunities to its employees, and 
limit the opportunities to a smaller, 
highly-qualified group. This would 
give them the chance to take their 
graduate work in more concentrated 
fashion, so that the degree require- 
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ments could be completed in a shorter 
time, realizing all the benefits of 
nearly full-time graduate work. I 
suggest that we make a real play for 
quality and hope that industry will be 
willing to put on a smaller number 
of its most promising men the part 
of its money which it now spends on 
degree programs generally. 








REPORTING THROUGH 
THE LOOKING GLASS 





WARREN W. Woop 


Engineering Department, Convair 


A Division of General Dynamics Corporation, Fort Worth, Texas 


You cannot talk to engineers, read 
their writing, nor watch them miser- 
ably drudging to put a report together 
without being intensely aware that 
report writing is without question the 
least efficient, least liked, most crit- 
icized, and most deserving of crit- 
icism of all the engineer’s activities. 
Yet, with all this, the engineer is the 
only professional who is expected not 
only to write but to publish his own 
reports. By “engineer” is also meant 
the physicist, the mathematician, and 
other practitioners of the technical 
sciences and skills. 

I submit that the engineer’s writ- 
ing troubles occur because of, not in 
spite of, the present-day college 
course in report writing. It is un- 
realistic in its aims and its methods of 
achieving these aims and has no rela- 
tion to his actual needs in his field. 
It wastes time teaching publication 
details to students who will have too 
long to forget them and will probably 
never use them in the form presented. 
Finally, it indoctrinates the students 
in the myth that engineering report- 
ing is mysteriously and indefinably 
different from all other kinds of writ- 
ing in some characteristic other than 
its evident inferiority. 

The engineer himself rather than 
the educator is at fault in this situa- 
tion. The early complaints about en- 
gineering illiteracy were directed more 
against the “practical” engineer than 
the college-trained product, but they 
were sufficiently widespread and well 
founded to justify the inclusion of re- 
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port-writing courses in technical cyr. 
ricula. Educators, therefore, pain. 
stakingly surveyed the field, trying to 
ascertain the content of such a course, 

The lack of realism first enters the 
picture at this point. Any group of 
people may be asked what kind of 
English training they need, and the 
answers will inevitably be the same; 
they will be almost unanimous in de- 
manding additional training in the 
details of grammar, spelling, punctua- 
tion, and mechanics. This near una- 
nimity is caused by the fact that any- 
one who does any writing at all is 
continually aware of these mechanical 
mistakes as he makes them, but can 
be only accidentally aware of faulty 
logic, incomplete data, or inconsist- 
ency unless someone points them out 
to him. 

Thus, these surveys of engineers 
show a great number of suggestions 
for training in format, mechanics, and 
vocabulary, but none at all for train- 
ing in logic. Since the standards be- 
ing evaluated are derived under the 
present system of training and not 
from any abstract concept of literary 
excellence, the suggestions are only 
the obvious ones and run in the same 
groove as the previously impotent 
efforts. 

Engineers, too, are aware of their 
own inadequacies in spelling, vocabu- 
lary, idiom, and mechanics because 
these are obvious and can readily be 
sensed. Specifically, many a waiter 
has been hampered and stifled by the 
necessity of observing some requité 
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ment or another for a particular for- 
mat. He recalls staring into space 
for hours, trying to write an Introduc- 
tion simply because an Introduction 
was required and he had no notion 


of what he was trying to introduce. ’ 


Remembering this wasted time and 
mental agony, he suggests that the re- 
porting course teach the student how 
to write introductions. 

So the educators include more and 
more detail in the course, and we see 
the start of an extremely interesting 
circle which goes about like this: Let 
us teach engineers more details be- 
cause they forget too many details be- 
cause they have too many details to 
remember. The essential fallacy in 
this procedure is not as obvious as it 
should be because the procedure is 
consonant with the predominantly in- 
ductive pedagogy used in technical 
training proper. The natural critics 
of it are satisfied; the students and 
their instructors are busy, and the en- 
gineer sees his recommended detail 
work being taught. But, not only 
does it fail to prepare the student for 
his technical reporting task, but it so 
cutters him that it actually hampers 
and retards his work. 


Let us examine the aims of a report- 
writing class and the means whereby 


these aims may be realized. We can 
agree that a good technical reporter 
should know where information can be 
found, be aggressive about collecting 
it, be able to evaluate it and relate it to 
other data, be able to judge the propor- 
tion and proprieties of verbal, tabular, 
and graphic material, be able to write 
accurately and rapidly, and to be able 
to evaluate the technical and commu- 
hicative value of the finished product. 
This finished product, the technical 
report, should be defined as the clear- 
est and most efficient possible com- 
munication of factual data. By “most 
ficient” is meant having the most 
favorable ratio of cost (in time) to 
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results (in comprehension). The re- 
port, then, is the product of four dis- 
tinct functions: research, evaluation, 
organization, and presentation. 

Given a reporting assignment, the 
engineer must first find the data which 
will specify the physical, functional, 
and theoretical variables of his assign- 
ment. Normally these will be scat- 
tered about in publications, data 
sheets and in the memories of his col- 
leagues; naturally, if they were all in 
one place there would be little need 
for a report. Obviously, then, one of 
the first qualifications of a successful 
technical reporter is the knowledge of 
data sources and a willingness to go 
find them. 

The technical courses themselves 
should properly assume responsibility 
for training the student to do re- 
search; it is asking rather too much of 
the report-writing instructor to keep 
abreast of all the literature in all the 
fields in which his students might be 
working. A long paper based on a 
survey of literature is a fitting assign- 
ment for the reporting class, but the 
instructor in the particular technical 
field which the student is investigat- 
ing should help with the source ma- 
terial. 

Second, assuming that the engineer 
has found all the available informa- 
tion, he must study his findings for 
their value and relevance. Some, by 
virtue of recency or authority, are 
“better” than others. Other data are 
irrelevant to the project or contain 
contradications and_ inconsistencies 
which must be checked. Evaluation 
of data is still largely a technical func- 
tion, although one with which the re- 
porting instructor can help. He can 
contribute greatly to the professional 
training of his students if he insists on 
logical appraisal of evidence as dem- 
onstrated by the effectiveness of the 
arguments in the finished report. 

The third process, organization, 
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should properly determine the format 
of a report. Rather than the Procrus- 
tean imposition of a format on the 
material, the format should grow from 
the nature of the material itself and 
the rhetorical principles entailed in its 
preparation: i.e., the logical functions 
of definition or analysis, inductive or 
deductive thought processes, and the 
movement of ideas from known to un- 
known or the reverse. Attention dur- 
ing this process is directed more 
toward the logical than the physical 
nature of the presentation, but it is 
clear that the author’s attitude toward 
his material is swinging from the ac- 
quisitive through the analytic to the 
explicative. 

Organization is frequently miscon- 
strued as the simple linear or serial ar- 
rangement of bits of data into a re- 
port. Basically it is such a function, 
of course, but continually modified by 
the anticipated readers and mission of 
the document. It comprises the 
grouping of like elements into rhe- 
torically understandable orders (cause 
to effect, climax, etc.) and the ar- 
rangement of these orders to produce 
a logical progression of thought. The 
reporting course can assist greatly in 
such functions simply by identifying 
and providing opportunity to practice 
them. 

Finally, when the data are collected 
and screened and the author's think- 
ing is clarified and systematized, he 
is ready to consider the problem of 
presentation. Only now does he con- 
cern himself with the inclusion and 
location of such sections as abstract, 
summary, or appendix. But, iron- 
ically, this concern is wasted because 
his employer is ordinarily committed 
to some format or another having 
nothing to do with the procedure de- 
scribed above. Presentation is the 
true province of the report writing 
class, but not in the present sense. 
Assuming that the students have suc- 





Vol. 48—No, 9 


cessfully completed their high school, 
freshman, and sophomore English 
classes, the instructor should not need 
to waste time in reteaching funda. 
mentals. Actually the models, the 
standards, and _ the requirements 
should be identical with those that 
the graduate should expect to ep. 
counter in the field—with one impor- 
tant exception: the meaningless chest. 
nut that technical writing is “differ. 
ent” from standard writing should be 
extirpated. 

This argument is usually advanced 
by engineers who cannot write stand- 
ard English and need an excuse for 
the stuff they do write. Technical 
writing is standard writing plus a 
small special vocabulary appropriate 
to the topic under discussion. Al] 
else remains the same; the require- 
ments for clarity, logic, readability, 
completeness, compactness, style are 
not changed. 

Experienced English instructors will 
anticipate the trend these comments 
are taking. What is specified here is 
essentially the classic rhetoric course, 
adapted to the engineer's needs. The 
procedure is the same: (1) study, 
analyze, and imitate good models; 
(2) reinstate the aesthetics of good 
style as an organic characteristic, not 
mere decoration; (3) identify and 
practice such specific writing tech- 
niques as definition, analysis, ete.; (4) 
match student writing against the best 
in the field instead of against other 
student writing; (5) create realistic as- 
signments that require logical thought 
and original effort instead of mere 
copywork; and (6) try to inculcate 
habits of fast, accurate, and logical 
composition which the student might 
conceivably retain long enough to 
serve him in both his school and pro- 
fessional careers. 

Someone might object at this point 
that such a regimen would not equip 
the student with detailed knowledge 
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of report structure and mechanics— 
the practical minutiae of publication. 
A realistic appraisal of this criticism 
will show that, on the average, two to 
six years elapse from the time the stu- 
dent finishes the reporting course un- 
til he is assigned full responsibility for 
amajor report. He cannot be expected 
to retain detail training for that length 
of time. Even if he did he would dis- 
cover that his work must satisfy the 
requirements of his employer's style 
sheet, not those of the report writing 
course. Actually, if he has been prop- 
erly trained in the four major func- 
tions listed above, the style sheet de- 
tails are insignificant; he can learn 
them quickly as he needs them. 

Furthermore, none of his technical 
instructors or associates expect him to 
retain the details of his professional 
courses for an equivalent period; 
rather he has a basic library of refer- 
ence handbooks (some revised an- 
mally) which he is expected to use. 
It is unfortunate that there is no sim- 
ilar handbook on publication details, 
but the information is available in the 
various textbooks, style manuals, and 
engineering office style sheets. 

Another Alice-in-Wonderland as- 
pect of the present report-writing 
courses and textbooks is the tender re- 
gard shown for the students’ skills in 
grammar and mechanics. These are 
thoroughly and expensively reviewed 
and retaught to students who have al- 
ready passed the freshman and _pos- 
sibly the sophomore English classes. 

The professional departments are 
not nearly so maternal. If a student 
is having trouble in, say, physics be- 
cause of his lack of mathematics, he is 
expected to get it up himself so as to 
pass the course. The same reasoning 
applied to the reporting course would 
doa great deal to stop idle conversa- 
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tion about “aptitude” for English and 
to reaffirm the fact that there are such 
things as standards in writing which 
can be learned and applied. 

Further realistic consideration in- 
volves cost. Granted that a fourth or 
more of an engineer’s time is spent in 
report work, that the maximum return 
should be realized from this effort, 
and that the engineer is a relatively 
high-salaried employee, why not dele- 
gate the detail work of report publica- 
tion to trained assistants? No other 
professional is expected to be his own 
editor, compositor, or proofreader. 
Specialists, with the conventions and 
local requirements at their finger tips, 
could assure correct and readable 
publications at a fraction of the cost 
of some of the crazy-quilts being is- 
sued today; and the efficiency-minded 
manager could be spared the painful 
and essentially ridiculous spectacle of 
some of his high-priced talent wasting 
time debating about whether or not a 
heading should be underlined. 


Thus, if the engineer were trained 
in his basic functions of research, 
evaluation, organization, and presen- 
tation, he would have lasting habits 
of thought and standards of achieve- 
ment which “age cannot wither nor 


custom stale.” He would not need to 
memorize details of publication which 
he would have too long to forget and 
too much trouble to relearn—probably 
in some other form. He would nat- 
urally resist freaks and seek instead 
for standard means of expression. He 
would quickly recognize lack-logic, 
flatulence, and pomposity for the cor- 
rosive stuff it is. With results like 
possibly the  report-writing 
course could attain its proper stature 
as an essential part of basic engineer- 
ing training. 


these, 
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American-born, but educated in England and a graduate of Oxford 
University, Mr. Geoffrey has had major interests in both art and litera. 
ture. He has for some time felt strongly that in the United States the 
position of artistic matters and our familiarity with them are on a much 


lower plane than in Europe. 


He therefore urges the responsibilities of 


engineers and scientists for artistic balance, and proposes measures 


for improvement. 


Today the engineer or scientist is 
in a position of the gravest respon- 
sibility. In large measure the future 
depends not only upon what they pro- 
duce, but what society requires of 
them and what they give to society. 
We are fast learning that in this 
prolific and intricate world whatever 
man conceives has consequences—in- 
escapable, binding consequences— 
that spread to the remotest corners of 
the globe (remote no longer), seize 
fast upon us, deep within us, and al- 
low us little room for flight. 

If the role of the scientist-engineer 
bulks large, his education must then 
be of critical importance. As a pos- 
sessor of so much knowledge, with 
such powers to dislocate and disrupt, 
he must have more than the usual 
measure of wisdom. The very func- 
tioning of social man is affected by 
what he brings into being. It is he 
who makes the future so close that we 
sometimes appear to live only in the 
present. The layman who cannot un- 
derstand what the engineer or scien- 
tist does is defenceless in submitting 
to the world of his creation. But the 
scientist is by no means free, himself. 
He in turn must submit to the politi- 
cian. No wonder we are bewildered! 

But if there is little hope that we 
can educate the politician, at least we 
ought to be able to educate the scien- 
tist. Every system of education im- 
plies an idea of man. So we must first 
decide what kind of product we want 


to produce, what kind of society, what 
kind of individual, what kind of cul. 
ture. These are the basic questions 
that should be in the mind of every 
educator. He must know what he 
should achieve. 

The only respect in which the eduy- 
cation of the engineer should differ 
from that of any other student is that 
he should have special instruction in 
engineering. It is that special com- 
petence which makes him an engineer, 
but does not automatically make him 
an educated person, though it is hard 
to imagine a good engineer who is not 
one. 

The educated person is one who 
strives to be catholic in his tastes, 
not to the point of an effete tolerance, 
but to the point of a full-bodied en- 
joyment of variety, curious of all the 
facets of the universe and all the 
diversities of mind that make us at 
the same time one and many. He 
must have knowledge and sensibility. 

The facts he has must be used as 
tools to improve understanding. The 
sensibility he has must be used to il 
lumine not only his own interior but 
the interiors of others through a kind 
of reflection. The mind of the edv- 
cated man is not just a reservoir, itis 
a constant, unceasing transformer of 
energy. But its most vital property i 
that it can look ahead. It is never 
static or stable, but unremittingly 0 
the move, its energy produced by os 
cillation between faith and doubt. 
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It is just because we are becoming 
too specialised that the need is so 
urgent for us to correlate experience, 
become aware of and use the corre- 
spondence of ideas, and develop an 
encompassing eye. The more we are 
assailed by the gross the more we 
must seek the refined. It is for that 
reason that so many scientific institu- 
tions are requiring courses in the hu- 
manities. It is essential that the en- 
gineer, like every other student in our 
colleges, should understand and enjoy 
the arts, history, and philosophy so 
that he will be able to practise his 
chosen profession within the intellec- 
tual framework in which it belongs. 

It seems axiomatic and beyond dis- 
pute that an appreciation of art should 
be part of the intellectual equipment 
of all. The most cursory considera- 
tion would lead anyone to that con- 
cusion. Certainly, it is as vital that 
we come to know our heritage of art 
as that we know our heritage of sci- 
ence or music or literature. And yet 
what have our schools done to ex- 
pose our youth to great art? Look 
about you and you will see square mile 
after square mile of blank walls. 
Blank walls teach nothing, unless they 
teach blankness. And no one surely 
would advocate that. It seems odd 
that if one of the purposes of educa- 
tion is to inculcate good taste, so lit- 
tle of it should be shown in the inte- 
tiors or the exteriors of schools. 

When we are children, our eye is 
more alert, more curious than when 
we grow up, unless we train it as an 
adult, for it is then that we see more 
nearly as the artist sees—receptively, 
directly, intensely, without prejudice. 
The child is ardent and eager to ab- 
sorb as much as he can, which makes 
it particularly important that what he 
absorbs should be of lasting value. 

Masterpieces of art therefore should 
be on the walls of every grammar 
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school, high school, and college. The 
science of colour reproduction is a 
technical achievement that ranks in 
cultural importance with the printing 
press and the gramophone. And yet, 
how few of our educational institu- 
tions make our heritage of art fully 
known to our students? 

The neglect of art seems all the 
more unaccountable when one con- 
siders that the eye is the most active 
of our organs, the one that is most in 
use as a relay to the recording mind, 
and that its education therefore should 
be of the greatest significance. That 
the eye is, par excellence, the organ of 
the intellect is obvious from the asso- 
ciation of intellection with words re- 
ferring to it. For instance, we say 
that a person has vision; we say that 
God is all-seeing, by which we mean 
that He is all-knowing; that a man has 
insight into others or that he foresees 
the consequences of his actions. The 
very word, idea, comes from the 
Greek word, to see. 

The eye is constantly signalising, 
relaying and translating what it sees. 
The eye is by far our greatest trans- 
mitter. It transmits to the mind data 
from the most concrete to the most 
abstract. It almost alone supplies the 
memory. It knows the smooth, the 
rough, the convex, the concave, the 
solid, the tenuous, the light, the heavy 
—all without touch. Above all, the 
eye measures, and in measuring it 
performs perhaps its most intellectual 
function. 

Except of course when we sleep, 
our eye is in perpetual movement, 
and the opticians tell us that the eye 
thrives on it. Whether we are con- 


scious of it or not, it is always seeing 


things, transmitting ideas, objects, 
colours, and shapes, to the mind. It 
is this degree of consciousness that 
distinguishes the non-artist from the 
artist. For the artist sees more con- 
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sciously than we. He looks at things, 
rather than just seeing them, he sorts 
them, he moves them about, he en- 
larges some and diminishes others. 
Everything round him is raw material 
to be transmuted into a work of art. 
The artist sees with the mind’s eye. 

Art and science are closely related. 
The engineer in particular should be 
able to recognise in art the problems 
of stress and balance and form and 
composition that he too must solve in 
his work. Nor are the values that art 
represents substantially different from 
those of science. The values that art 
offers, the intellectual, moral, sensory 
values, are no more than a different 
expression or plane of expression for 
the values offered by science. They 
form the same coin of the mind, and 
the shape of one side determines the 
shape of the other, and the shape of 
the whole. 

Both art and science concern them- 
selves with bringing order out of dis- 
order, coherence out of chaos. Art 
fixes a moment, but fixes it for etern- 
ity. It expresses the rapport between 
the object and the self. It records and 
interprets and transmutes what the 
self sees or feels. The artist reveals 
his response primarily to himself. In 
so doing, he not only allows us to 
glimpse it, but he guides us, as it 
were, to discover our own response, 
which may be totaly different. The 
function of attention is the same for 
both the scientists and the artist. It 
is the human eye that sees in art; in 
science it is the human eye looking 
through a lens that sees. But in both 
it is the complex, wondrous human 
eye that does the seeing. 
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The principal difference between 
art and science is in their effect, that 
of science being more immediate and 
more pervasive. The methods pur. 
sued by science are more easily 
checked and verified, a fact that is a 
the same time a benefit and a limita. 
tion. Art affects us within Ourselves. 
it seems to pierce deeply and inscrut- 
ably into what used to be called the 
soul. We do not respond so much 
intellectually as sensorially, as spir- 
itually, to art. 

The values it instills are important 
because they are hard to calculate 
and they are hard to calculate because 
their elements are so diverse and jn. 
tangible that they cannot be isolated 
readily for scrutiny. Art portrays the 
instant, and yet that instant is mult- 
form, forever different and forever the 
same. Art is a yearning, art is an ex- 
pectation, it is always the future, and 
so always present to us. Art is an end 
in itself, because, paradoxically, the 
means by which the artist produces 
his efforts signify more than the result 
—and for that very reason the result 
is greater. 

But, as Paul Valéry said, if the aim 
of science is to produce certain form- 
ulae of action, recipes for bringing 
about certain effects, the act itself of 
creating science is a work of art 
What would the scientist be without 
imagination? What would he be 
without a sense of form? 

The scientist of today must cul- 
tivate a sensitive eye for art and 
beauty. He must guard himself and 
guard us against the inhumanities. 
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ON THE HUMANIZATION OF 
SOME PHYSICS PROBLEMS 


A senior engineering student at the 
City College reminisced on his early 
physics courses. The only problem 
he could recall from his first year 
physics course was the following— 


A student determined to test the law 
of gravity for himself walks off a sky- 
scraper 900 feet high, stop-watch in 
hand, and starts his free fall. . . . Five 
seconds later, Superman arrives on the 
scene and dives off the roof to save the 
student. (Sears and Zemansky, 
“College Physics,” Second Ed., p. 63.) 


Of the more than 400 problems as- 
signed in the first year, only this one 
remained!! This fact tends to confirm 
a long-time feeling that most physics 
problems are de-humanized to the 
point where they appeal, if at all, to 
the student’s mathematical intellect 
only. The problem itself is soon for- 
gotten, though it is hoped that the 
principles underlying the problem are 
retained. 

Most problems found in physics 
texts today are of the “block-incline” 
variety, which deal with inanimate 
objects: blocks, steel balls, inclined 
planes, and similar unappealing meas- 
ures. For example— 


A 2 |b. block slides down a flat surface 
inclined at an angle of... . 


The student who cares about the fate 
of 2 Ib. blocks is rare indeed. How 
much more engaging might the same 
problem be, worded in a slightly dif- 
ferent manner as follows— 


A 20 lb. otter slides down an icy slope 
tilted 30° with the lake’s surface. His 
tump has a coefficient of friction of 0.02 
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with the ice. . . . (Or even mermaids 
on skis?) 


Or consider the following problem, 
designed to point up some basic con- 
siderations in thermodynamics— 


Minnie, the Bronx Zoo cobra, swallows 
for breakfast three six-ounce mice which 
supply 200 cals./oz. The mouse heat is 
radiated by Minnie at a constant rate for 
the next twelve hours. If she lives in a 
glass cube 3 feet/side, whose walls are 
0.5 inches thick, and have a thermal 
coefficient of k, find the temperature dif- 
ference between the surfaces of the glass 
after the mice have gone down. 


It is unlikely that even the dullest 
physics student (and they can be 
pretty dull) will soon forget that 
problem. From my experience in as- 
signing it, I know that the average 
student will show more interest in it 
than in a cold, block-incline problem. 

The grasping of scientific laws is 
often a difficult and painful process, 
especially since the necessity for the 
laws is usually obscure to the be- 
ginner. Yet the laws must be learned. 
By devising problems that appeal to 
the student’s imagination and funny- 
bone, it seems reasonable to expect 
that the problems will have a more 
lasting effect on the student. At least 
no harm can be done by colorful 
formulation and expression! 

Take for example the following 
problem, which, it must be admitted, 
arose because of poor penmanship. I 
had meant to write on the board—“A 
200 Ib. slab is immersed in 300 Ib. of 
water.” But one student saw: “A 


200 Ib. slob is immersed in 300 Ib. of 
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water. .. .” Well, why not? In our 
great democracy, slobs are entitled to 
specific heats too. From then on the 
problem read, “find the specific heat 
of the slob,” and most students at- 
tacked the problem with a gusto un- 
known since Rumford. They are, 
therefore, more likely to retain a feel- 
ing for heat transfer. (Whatever 
one’s personal feelings are regarding 
slobs, at least this particular one is 
dedicated to the greater glory of 
calorimetry. ) 

Usually I give a series of “otter” 
problems on the weekly mechanics 
quizzes, with growing complexity as 
the term progresses, from simple “one- 
otter” problems to even “four-otter” 
problems. 

For instance two otters (or seals or 
elephants for that matter), with dif- 
ferent coefficients of friction, slide 
down a slope, the back one holding 
the tail of the front one. Suppose 
they collide with two other otters 
moving at right angles to their path 
of motion. . . . The subject matter 
need not be confined to otters—indeed 
the whole zoo is open to physical 
speculation. 
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Sensitive students have confided 
that, along about the end of the term 
they have dreamt about otter-physics 
problems. The same effect could 
hardly be claimed for block-incline 
problems. Dreaming about physics 
on their own time would indicate that 
the subject matter is entering into the 
student’s subconscious, from whence 
it may eventually permeate even his 
conscious thinking. 

The nub of my argument is this— 
humanizing physics problems allows 
the student to become involved with 
the problems on more than just the 
abstract level. Moreover, most stu- 
dents seem honestly to enjoy otter. 
type problems more than they do 
conventional block-incline problems, 
They are, therefore, more likely to 
remember the problems, since it is a 
psychological fact that human beings 
remember pleasant episodes much 
more easily than neutral or unpleasant 
episodes. And if they remember the 
problem with pleasure, it is reason- 
able to expect that they may also en- 
joy and retain more of the pertinent 
physics involved in the problems. 
And perhaps, too, they will regard the 
entire science in a more kindly light. 





HEAT TRANSFER AND FLUID MECHANICS 
INSTITUTE AT BERKELEY 


The 1958 Heat Transfer and Fluid Mechanics Institute, spon- 
sored by California Universities and industry, will be held on the 
Berkeley campus June 19, 20, and 21. ASEE members attending the 
Annual Meeting are urged to extend their stay in order to attend 
the technical sessions and the banquet scheduled for the evening of 


the 20th. 


This year’s program will stress aerothermodynamics, aerothermo- 
chemistry, and magnetohydrodynamics. Information can be ob- 
tained from A. K. Oppenheim, Mechanical Engineering, University 


of California, Berkeley. 
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As a second message to the Mechanics Division I will only re- 
mark that with the present urgency for more teaching skill and 
more engineering and scientific effort there is only one appropriate 
thing to do. Draw on all our ingenuity, originality, and ability to 
do more and to do it better and more quickly. That is all I have 
to offer, now back to work. 
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Technology, Wright-Patterson AFB, Ohio. 


Editor: Arthur W. Davis, Department of Theoretical and Applied 
Mechanics, Iowa State College, Ames. 
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REMARKS ON INTEGRATION OF 
MATHEMATICS, PHYSICS AND MECHANICS 


F.C. LINDVALL 


Chairman, Division of Engineering 
California Institute of Technology, Pasadeng 


Presented at the joint meeting of the Mechanics, Mathematics and 


Physics Divisions of ASEE at Cornell University, June, 1957. 


Recom- 


mended for publication by the Mechanics Division. 


Historically, the basic subjects of 
mathematics, physics and mechanics 
were integrated inasmuch as much 
of the mathematics has developed 
from physical situations in mechanics. 
Later, these subjects became _ sep- 
arated as they have been developed, 
not only in great detail but also in 
terms of broad generalizations. A 
way of bringing about greater integra- 
tion is to concentrate more on prob- 
lems which develop from physical sys- 
tems. Furthermore, physics discus- 
sions of mechanics which do deal with 
basic laws and important generaliza- 
tions can have more of the engineer- 
ing mechanics point of view. 

For example: emphasis can be put 
upon free body diagrams and space 
diagrams and the engineering me- 
chanics techniques of systematic solu- 
tions can be used. Some colleges 
have Freshman engineers learn these 
techniques in a course in engineering 
problems and orientation. There is 
no reason why physics work in me- 
chanics should not use orderly, sys- 
tematic format. Indeed, one of the 
excuses sometimes offered for the ex- 
cessive preoccupation with statics in 
engineering mechanics courses is that 
the students need to learn orderly 
methods of problem solution. 

Another important integrating force 
can be developed through problems 
which are somewhat more compre- 
hensive than those demanded in the 
separate courses, in the sense of re- 
quiring information from a variety of 


fields. Early and consistently, sty. 
dents should encounter problems 
which are broader in scope than the 
tidy little examples usually appearing 
in the separate textbooks neatly keyed 
to the relevant text explanation, 

At the California Institute of Tech. 
nology an attempt is made to have 
some of the physics classes taught by 
members of the engineering faculty. 
This should help in integrating sub. 
ject matter and in avoiding needless 
duplication arising from lack of know!- 
edge of what is being taught in other 
classes. Shortage of engineering staf 
has prevented anything but token ef- 
fort to implement this plan. 

The Junior year for the California 
Institute of Technology engineering 
students includes concurrent course 
work in a third year of mathematics 
(applied ), mechanics, thermodynam- 
ics, and fluid mechanics (partially in- 
tegrated). Occasional interchange of 
instructors is arranged for the purpose 
of achieving better integration and a 
better presentation of common subject 
matter. These courses cover work in- 
volving partial differential equations, 
vector analysis, and potential theory. 
Students are permitted to substitute 
mathematical physics, taken by the 
undergraduate physicists, for the 
mathematics or mechanics courses. 

Students should be made aware 
that many areas of classical physic 
are now integral parts of modem er- 
gineering developments. 
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Engineering occupies a distinctive 
position among the professions. It is 
the only one in which a man may 
complete a four year college course 
and in a qualified way immediately 
begin practicing professionally. Fields 
such as law, medicine, teaching, and 
the ministry require six to nine years 
of formal study before any degree of 
professional standing is recognized. 
This places a heavy responsibility on 
the engineering colleges, for they must 
make the most of the limited time 
available in a four-year undergraduate 
curriculum. 

One may as well face squarely that 
this responsibility is complicated se- 
verely by three factors. First, there 
is the almost exponential growth of 
knowledge and practical applications 
of engineering. Second, is the present 
trend, urged by both industry and 
educators, to include more humanities 
in the engineering curriculum. Third, 
is the forty-hour week in industry, the 
impact of which upon education when 
translated realistically means that the 
maximum amount of work which can 
be expected from the average under- 
graduate is about fifty-five hours per 
week, including his class time. 

Engineering and science differ in 
another respect from some other dis- 
ciplines. No matter how much knowl- 
edge is added to the field, one must 
always begin at the beginning and 


master certain fundamentals before 
any progress can be made into the 
latest advances. 

For example, elementary electricity 
must be taught to an electrical engi- 
neering student before he is admitted 
to the advanced courses. These fun- 
damentals may be taught either in the 
department of physics or in the de- 
partment of electrical engineering. In 
either case, it must be essentially the 
same content and must be mastered 
as preliminary to the advanced work, 
regardless of what department offers 
the course. Similar examples could 
be cited for other fundamentals. 
Educational institutions are therefore 
faced with the question, how can the 
ever-increasing requirements of engi- 
neering be satisfied in the face of a 
shorter and perhaps ever-decreasing 
student work week? There seem to 
be three possible solutions. 

Engineering schools could admit 
and graduate only those outstanding 
few who are intellectually gifted and 
sufficiently ambitious to work nearly 
seven days a week during their four 
years in college. The burden of me- 
diocre students now accepted in engi- 
neering colleges would then be shifted 
to trade schools and technical insti- 
tutes. There they would receive in- 
struction more nearly conforming to 
their pre-college conception of what 
an engineering education should be. 
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This solution might better serve to 
meet the technical demands of the 
nation, but the college degree has at- 
tained such value in the minds of stu- 
dents and parents that any trend in 
this direction is highly improbable. 

A second solution has been sug- 
gested frequently of late years. It has 
been seriously proposed that each en- 
gineering department teach its own 
physics and mathematics, either in 
strictly engineering service courses 
such as mechanics and thermodynam- 
ics, or with the necessary concepts in- 
tegrated into the regular engineering 
courses. Physics would then offer in- 
struction only on those parts of the 
field which do not readily fit into a 
specific engineering curriculum. All 
mechanics would be taught by the de- 
partment of engineering mechanics, 
all heat by the departments of me- 
chanical and chemical engineering, 
and all electrical phenomena by the 
department of electrical engineering. 

The department of physics would 
then limit instruction to wave motion, 
geometrical and physical optics, mod- 
ern physics, atomic physics, and nu- 
clear physics. Speaking only as one 
who believes in education, rather than 
training, there are specific objections 
to this procedure. It is unsound edu- 
cationally. Building an engineering 
education without a firm foundation 
in physics, chemistry, and mathemat- 
ics is like building a house by starting 
with the roof. 

Furthermore, should such an ex- 
periment be tried, it is predicted that 
the average professor teaching an in- 
troductory engineering course would 
find that the difficulty of giving the 
student a real understanding of the 
subject matter would be considerably 
greater than when the course is pre- 
ceded by a firm basic foundation in 
physical laws and concepts. The stu- 
dent may frequently protest that he 
doesn’t remember anything about his 
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physics, but it is recognized that for. 
getting is a part of the learning prog. 
ess and upon relearning, the second 
plateau is higher than the first, 

It is also the opinion of the write 
that the presentation of the concepts 
of any pure science with a strictly 
specialized slant is bad pedagogy, 
The basic sciences have an importance 
as disciplines which transcends their 
practical applications; in these days 
when industry demands that an engi. 
neer be extremely versatile, it is better 
to make the initial approach to the 
study of scientific principles without 
any specific field of application in 
mind. 

Finally, if physics and chemistry 
were to be limited to those subjects 
which were not a part of any branch 
of engineering, the physics should be 
taught in the junior or senior years, 
No work in modern physics, wave 
motion, or nuclear fission could be 
taught at any respectable level with- 
out a thorough background in classical 
mechanics, electromagnetism, and 
thermodynamics. But this background 
would then be the responsibility of 
the individual engineering depart- 
ments, and how the physicists could 
and would scream if the preparation 
were inadequate. 

The third method of making the 
most effective use of the limited time 
in a four-year curriculum is a careful 
and thorough integration of all re- 
lated basic courses. A start in this 
direction has been at Lafayette Col- 
lege. At the time when the Ford 
Foundation sponsored the early-ad- 
mission program, it was necessary for 
us to establish a special course com- 
pensating for the lack of physics and 
mathematics which occurred when 
the student omitted the last two years 
of high school. 

This course demonstrated the effec- 
tiveness achieved by the close coor 
dination of two disciplines. The two 
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fields were so completely interwoven 
into the two-year course that the stu- 
dents, and sometimes the instructors, 
could not differentiate between the 
physics and mathematics. Preliminary 
results of this program were reported 
about a year ago at Pennsylvania 
State. Measured strictly in terms of 
grades, the program seemed to have 
failed. But when the performance of 
the last group who participated is 
carefully studied, the program ap- 
pears much more effective than was 
at first realized. 

Further evidence has been uncov- 
ered in the records of some of these 
participants who have been in indus- 
try for two years. In spite of their 
chronological age they have made 
outstanding records as a group. Let- 
ters from some of them have ex- 
pressed a belief that the closely co- 
ordinated presentation of mathematics 
and physics has aided them greatly, 
especially in those situations where 
their assignments have required an- 
alytical thinking. 

In approaching this problem at 
Lafayette College we have operated 
on two premises. First, it is unimpor- 
tant as to what department introduces 
a basic concept, as long as the work is 
done thoroughly and accurately; sec- 
ond, any unnecessary duplication 
should be avoided. To accomplish 
this, several meetings were held with 
the heads of engineering departments 
and those of chemistry, physics, and 
mathematics. 

A careful study indicated that there 
was a large amount of basic material 
being taught in the departments of 
mechanics, chemistry, and mathemat- 
ics which would ordinarily be con- 
sidered as a part of an introductory 
course in physics. It was then de- 
cided that the amount of time allo- 
cated to physics could be cut from 
twelve to ten credits by teaching all 
physics in the sophomore year and 
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making free use of the calculus. 

Because it is customary to begin the 
study of physics with mechanics, the 
syllabus offered by the department of 
mechanics was examined rather care- 
fully. It was found that all students 
in engineering take one full semester 
of statics, followed by a semester of 
dynamics. Hence a sharp reduction 
was made in the amount of mechanics 
taught in the introductory physics 
course. It was necessary to retain in- 
struction in certain basic principles, 
for the work in physics would require 
knowledge of certain concepts before 
they could be taught in the mechanics 
department. 

The physics course is therefore in- 
troduced by the study of kinematics, 
followed by the dynamics of recti- 
linear and curvilinear motion. Equi- 
librium and statics are considered as a 
special case of Newton’s Second Law 
of Motion, and as each engineering 
student spends an entire semester 
working in statics, it does not seem 
worth while to devote the usual two 
weeks of the course to this subject. 

The exposition of Newton's Laws is 
followed by a study of the work- 
energy theorem and the conservation 
of energy. Extensive use is made of 
the students’ knowledge of the cal- 
culus and the number of problems 
which can be solved by substituting 
in a formula are held to a minimum. 
The study of motion in a straight line 
is followed by a discussion of two and 
three-dimensional motion. This leads 
to an analysis of pure rotation and 
thence to problems involving moment 
of inertia and center of mass. It is 
proposed to approach the concept of 
the moment of inertia and that of cen- 
ter of mass from a purely operational 
point of view. 

In the past, in common with many 
introductory courses, considerable 
time has been spent within the physics 
course calculating the moments of in- 











736 


ertia of various simple geometric 
shapes. Actually, the methods of cal- 
culating moments of inertia, second 
moments of area, and centroids are 
standard procedures for integral cal- 
culus, so that these topics are treated 
thoroughly by the mathematics de- 
partment. In addition, they are very 
thoroughly reviewed in the second- 
term course in mechanics, which in 
one form or another is required of 
every engineering student. By thus 
passing the responsibility for these 
topics in mechanics to mathematics 
and engineering mechanics, it is pos- 
sible to reduce the time allocated to 
that part of the physics course by 
about four weeks. 

In other parts of the field, a study 
of the elementary chemistry course 
revealed other areas where purely 
physical topics are discussed. The 
inter-relationship between the various 
temperature scales, specific heats of 
solids and liquids, latent heats, Boyle’s 
law and Charles’ law are treated ex- 
tensively in chemistry. It is made 
clear to the student that competence 
is expected in these topics. The phys- 
ics course can then be concentrated 
on heat transfer, kinetic theory, spe- 
cific heats of gases, thermodynamics, 
and real gases. 

By accepting chemistry’s treatment 
of these topics, nearly there weeks can 
be saved for other topics or for a more 
thorough treatment of the subject 
matter selected. Chemistry also in- 
troduces topics commonly designated 
as “modern physics.” At Lafayette, 
the chemists demonstrate the mass 
and charge of the electron, produc- 
tion of cathode rays, and an introduc- 
tion to x-rays. 

Students who have completed 
chemistry are also familiar with the 
nuclear atoms of Rutherford and Bohr 
and have developed some familiarity 
with atomic and molecular spectra. 
Radioactivity and the meaning of 
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atomic numbers and atomic weights 
in the periodic table are covered 
rather thoroughly. The physicist js 
then free to discuss, on a quantitative 
basis, accelerators, counters, and de. 
tection devices, some of the basic ap- 
plications of radioactivity, and a fairly 
complete analysis of the mass-energy 
relations in nuclear reactions. 

Thus, by recognizing and assuming 
that certain topics will be introduced 
and thoroughly studied by other de. 
partments, the work of those depart- 
ments is strengthened when it is made 
clear to the student that he is ex. 
pected to bring a real understanding 
of their subject mater to other courses, 
Also, in the process, a precious seg- 
ment of time is saved, enabling phys- 
ics to offer and demand a more exten- 
sive and comprehensive understand- 
ing on the part of the student. 

The ever-growing conflict between 
a rapidly-expanding technology and 
an ever-shrinking work week consti- 
tutes a serious threat to our ability in 
producing first-class embryo engineers 
in a four-year course. As a tempo- 
rary measure, it is suggested that the 
material of parallel, related courses be 
thus examined for duplication, as well 
the possibility of saving time through 
each department clearly stating and 
accepting its responsibility for intro- 
ducing specific subject matter. 

This will require an increasingly 
frequent crossing of departmental 
lines and a complete recognition and 
respect for the abilities and views of 
other fields. The integrated mathe- 
matics-physics course was discon- 
tinued at Lafayette College largely 
because of the fear by individual de- 
partments that they might lose their 
autonomy and identity. In meeting 


this present crisis, however, let us not 
crucify the effective education of 
young engineers on an uncompromis- 
ing, uncooperative, and compart: 
mented departmentalism. 














AFRICA AND THE PROBLEMS 
OF HIGHER EDUCATION 


Presented at the June, 
Recommended for publication by the Mechanic’s Division. 


University. 


First of all, let me say that I do not 
consider myself to be an expert on 
Africa or on higher education in 
Africa. I did, however, learn a few 
things from personal observation dur- 
ing my eleven-month visit to Ethiopia, 
and I have had a chance to talk with 
many people who have been engaged 
in the field of education in that coun- 
try. I spent the period from Septem- 
ber 10, 1954, through August 8, 1955, 
in Ethiopia in charge of a survey team 
provided by I.C.A. (Point Four) to 
make a study of the long range water 
supply and sanitation problems for 
the city of Addis Ababa. 

During this period, I had a chance 
to observe the efforts being made by 
the Ethiopian government, with the 
aid of the United States and some of 
the European countries, to solve the 
serious educational and other prob- 
lems faced by that country in its effort 
to catch up with modern civilized na- 
tions. The Oklahoma State Univer- 
sity (Formerly the Oklahoma A. & M. 
College) has had a contract for the 
past five years through I.C.A. to pro- 
vide technical assistance for the Ethio- 
pian government in its effort to estab- 
lish an effective system of agricultural 
education in that country. 

In gathering information about the 
educational problems of Ethiopia, I 
am particularly indebted to: 


Dr. Luther Brannon, former chief 
of the I.C.A. Agricultural Program in 
Ethiopia; Dr. C. L. Angerer, former 
President of the Agricultural and Me- 


ROGER L. FLANDERS 


Professor and Head of Civil Engineering 
Oklahoma State University, Stillwater 


1957, Annual Meeting of ASEE, at Cornell 


chanical College of Ethiopia; Dean J. 
A. Holley of the School of Education 
of the Oklahoma State University, 
who made a special study of the gen- 
eral education situation in Ethiopia; 
and Dr. Robert Lewis, first Dean of 
the Technieal College of Ethiopia. 


We are all aware of the fact that 
Africa is a large continent inhabited 
by a variety of people who live under 
widely different climatic conditions in 
the various regions. According to the 
Encyclopaedia Britannica, Africa ex- 
tends for 5000 miles from north to 
south and 4600 miles from east to 
west. It has an area nearly four times 
that of the United States. Much of 
the continent is a plateau, making the 
average altitude of the country over 
2000 ft. The climate depends to a 
greater extent on altitude than on 
latitude. Aside from a narrow strip 
of land along the western portion of 
the Mediterranean coast and _ the 
lower Nile Valley, we may consider 
Africa to be divided into four zones, 
as follows: 


The northern desert and semidesert 
region extending from the Red Sea 
to the Atlantic Ocean; a savannah re- 
gion of open forests, grasses, and 
shrubs; a high mountain region; and 
a tropical rain-forest region. 

The native peoples of Africa come 
from several racial groups, and they 
speak a large number of languages 
and dialects. They live under condi- 
tions varying from the most primitive 
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to the most modern. Considerable 
numbers of people of European ex- 
traction live in North Africa, Egypt, 
South Africa, and along the high 
plateau of East Africa in Ethiopia, 
Kenya, Tanganyika, Uganda, and the 
eastern part of the Belgian Congo. 
Also, significant numbers of people 
from India live in the eastern part of 
the continent. 

Some idea of the problems involved 
in expanding higher education among 
the peoples of the interior of Africa 
can be gained from a look at the 
situation in Ethiopia. 

The major difficulties facing higher 
education in Ethiopia are: 


1. Problems of communication, 

2. Problems of primary, intermedi- 
ate, and secondary education, 

3. Problems of securing adequate 
staff, 

4. Problems of finance, 

5. Problems of facilities, and 

6. Problems of attitude. 


Communication is difficult in Ethio- 
pia. Before 1935, there were no roads 
for wheeled traffic outside of a few 
of the larger cities. Even today the 
system of highways serves only a lim- 
ited portion of the country. Tele- 
phone and telegraph communication 
is possible only between the larger 
cities. There are 18 or 19 tribes in 
the country, now using more than 50 
different languages and dialects; they 
cannot even communicate with each 
other in a common language. Since 
1945, Amharic has been the official 
language of the country, and is used 
in the primary schools, with English 
being introduced as a second lan- 
guage at the fourth grade. Before 
1935, the second language used in 
most schools was French. Interpreters 
are widely employed, and much con- 
fusion is caused by imperfect trans- 
mission of ideas in translation. 

Language is, therefore, Ethiopia's 
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number one problem in education, 
Achievement of both national unity 
and status among the freedom-loving 
nations of the world is dependent 
upon effective solution of the lan. 
guage problem. Instruction js jp 
English in all of the secondary and 
post-secondary schools now, but learn. 
ing is hampered by the limited ability 
of the students to read, write, and 
understand English. Another prob- 
lem of communication comes up in 
technical education, through such 
courses as Engineering Mechanics 
and Mechanics of Materials. 

The early environment of the stu- 
dents does not introduce them to me- 
chanical devices. No wheeled vehi- 


cles were used in the high country 
before the advent of the automobile, 
Ethiopian children have no childhood 
experience with wheels, carts, gears, 
or wheelbarrows, and certainly they 
have had no chance to fit blocks to- 
gether, build things with erector sets 


and tinker toys, and so on. Thus a 
considerably longer period with dem- 
onstrations and laboratory work is re- 
quired to teach mechanics in Ethiopia 
than is usually required in this country. 

This situation is fairly general in 
other parts of Africa as well as in 
some parts of the near east. The 
Dean of A.U.B. (American University 
of Beirut) told me that they had 
found it advisable to require their 
engineering students to do a consider- 
able amount of shop work and draft- 
ing in order that the students might 
become familiar with elementary ma- 
chines. 

The limited output from the inter- 
mediate (4th to 8th grade) and sec- 
ondary schools is also hampering the 
development of higher education in 
Ethiopia. By 1954, the government 
school system enrolled only 60,00 
students in the primary grades, 8000 
in the middle schools, 2000 in sec 
ondary level schools of ail types—aca- 
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demic, commercial, professional and 
technical—and 250 in all institutions 
for higher education. Reduced to 


per cent of the total population of 
school age at the three levels—pri- 
mary, middle, and secondary—less 
than 4, 1, and 0.2 per cent, respec- 
tively, were enrolled in government 


schools. Two years ago, fewer than 
9000 students were graduated from 
the 8th grade, while only 167 grad- 
uated from high school. Obviously 
167 high school graduates furnishes 
a narrow base for the higher educa- 
tional needs of a country as large as 
Texas, New Mexico, and Oklahoma 
combined with a population of about 
15 million. 

This situation is being corrected as 
rapidly as possible by the heavy em- 
phasis that is being placed upon the 
development of new primary and sec- 
ondary schools and the training of 
teachers. In 1954, the government 
schools employed about 2400 teachers. 
Two years ago, the average teacher 
in the grade schools had only com- 
pleted the fourth grade. Only ten 
per cent of the 2000 elementary and 
secondary school teachers had com- 
pleted more than eight grades of ele- 
mentary education. Teacher supply 
is the key to expansion of Ethiopian 
education. 

Adequate staff for the post-second- 
ary schools is also a serious problem. 
At the present time, most of the teach- 
ers in the University College of Addis 
Ababa, the Technical College, the Col- 
lege of Agricultural and Mechanic 
Arts, and the College of Engineering 
are either Europeans or Americans. 
LC.A. is helping to make competent 
American teachers available for some 
of these schools until Ethiopian Na- 
tionals can be trained. 

A considerable number of Ethio- 
pian students—more than 250 were 
studying abroad in 1955—have been 
sent to the United States, European 


AFRICA AND HIGHER EDUCATION 739 


countries, and near Eastern schools 
under government scholarships. By 
this means, it is hoped to obtain a 
considerable number of persons quali- 
fied to staff the schools and furnish 
the engineers, lawyers, and doctors 
that are needed. 

Two years ago, only one Ethiopian 
was a graduate engineer, and none 
had an M.D. degree. The scholarship 
program appears to be the most prac- 
tical way to provide education above 
the Bachelor’s level for the immediate 
future. Colleges within the country 
are now being developed to provide 
education at the Bachelor’s level as 
fast as qualified secondary school 
graduates are being turned out. 

Problems of finance are more seri- 
ous at the primary and secondary 
levels than at the college level. The 
government is now spending 17% of 
its total income on education. Higher 
education is being financed almost en- 
tirely from the central government 
and will probably continue to be so 
financed in the immediate future. 
Primary, intermediate, and secondary 
education is also largely supported 
from the central government, but it is 
probable that some of this burden will 
be shifted gradually to the provinces 
and cities. 

One of the problems facing the 
government is to determine what pro- 
portion of funds shail be devoted to 
each of the levels of education. With 
the needs so great, obviously the en- 
tire budget could be spent on the pri- 
mary or basic schools. On the other 
hand, to expand the colleges and uni- 
versities more rapidly than qualified 
entering students can be prepared by 
the secondary schools would be un- 
wise. 

In the development of the govern- 
ment school system, provision for edu- 
cational opportunity at the more ad- 
vanced levels has greatly exceeded 
provisions at the lower levels. As has 
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been noted, the student capacity at 
the higher levels greatly exceeds the 
output of qualified students from the 
lower schools. In order to fill the 
quotas for the post-secondary schools 
even partially, it has been necessary 
to lower the standards for admission. 

Facilities such as buildings, equip- 
ment, books, and other teaching mate- 
rials are very limited at the present 
time; the need for buildings and 
teaching materials is especially acute. 
The University College of Addis 
Ababa is expanding rapidly, with ex- 
cellent buildings, laboratory equip- 
ment, and library facilities. The 
buildings for the Ethiopian College of 
Agricultural and Mechanic Arts are 
nearing completion at a beautiful site 
by a lake near Harar at an elevation 
of approximately 7000 ft., where the 
climate is wonderful and the build- 
ings are good. An Agricultural Tech- 
nical school at Jimma has been in op- 
eration for five years. At this school, 
courses are offered to the two-year or 
Junior College Level. Education at 
all levels is hampered by the lack of 
adequate books on the history and 
geography of the country and by the 
complete lack of reliable maps. Stu- 
dents coming to school have a difficult 
time explaining where their parents 
live. When the nearest large town is 
pointed out on the sketchy map, it is 
customary for the student to say that 
his folks live to the west and south a 
“5 day ride by mule or a good man 
can walk it in 6.” 

Problems of attitude are sometimes 
quite baffling. Many of these exist in 
other parts of Africa and in the near 
east, India and Pakistan as well. Stu- 
dents from the more well-to-do fam- 
ilies are reluctant to get their hands 
dirty. “Manual work is for coolies” 
is the attitude. On a surveying party, 
the sweaty work of driving stakes, 
measuring with a tape, even carrying 
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the instrument from one station to an. 
other, is repulsive. The veterinarian 
has a helper to hold the animals 
mouth open, feel its bloated side and 
inject the medicine. 


Again, when the scholarship sty. 
dent who has been living in modern 
dormitories in the United States fo, 
four years returns to Ethiopia, he im. 
mediately wants to sit behind a desk 
in the Ministry of Education at Addis 
Ababa rather than teach school in the 
“sticks.” Then there is the student 
who has completed teacher training 
under a scholarship and later applies 
for another scholarship to study agri- 
culture or medicine or the law. Steps 
are being taken by the Ministry of 
Education to prepare the scholarship 
students for successful study abroad 
and for better adjustment upon their 
return to Ethiopia. 

Conditions in the countries to the 
south and east of Ethiopia in Kenya, 
Uganda, Tanganyika and the eastern 
Belgian Congo are much the same. 
On the other hand, those countries of 
Northern Africa, as well as Egypt and 
South Africa have a much larger sup- 
ply of secondary school graduates and 
more advanced facilities for higher 
education. 

It is encouraging to note the en- 
thusiasm for learning among the 
young people of Ethiopia, as well as 
the surprising number of bright in- 
dividuals that are found in each of the 
various tribes with the possible excep- 
tion of some who live in the hot, 
steamy jungle where no great it- 
genuity has been needed to stay alive. 
Without any question, the develop- 
ment of education, including higher 
education, among the peoples of 
Africa is feasible and will insure their 
future prosperity, general welfare, and 
future cooperation with the other free 
nations of the world. 
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A COURSE OF INSTRUCTION 
IN SYSTEMS ENGINEERING 


Spurred by curiosity, ambition, ne- 
cessity, assisted by memory and past 
experience—man has produced in- 
creasingly complex systems. Only re- 
cently has he recognized that certain 
principles are operative in all of these 
systems. This paper describes a course 
of instruction that aims to produce 
such a recognition and that attempts 
to provide the more elementary con- 
cepts necessary for understanding sys- 
tems. 

“Systems” are not new. Man has 
always, in a sense, created systems in 
order to reach his objectives. In build- 
ing them, he has had to choose the 
components that would be required. 
He has had to select these components 
for the effect they would have upon 
each other and for their ability, when 
combined, to achieve desired objec- 
tives. 

It is the recognition of the impor- 
tance of the “systems concept” that is 
new. Often, mistakes have been 
made in the design of systems. Ob- 
jectives were not clearly perceived. 
Properties of the elements that com- 
posed the system were not understood. 
Their interactions were not fully ap- 
preciated. Emphasizing the impor- 
tance of the systems concept has ap- 
peared to be one way of minimizing 
mistakes. This emphasis upon the 
system itself has given us “systems en- 
gineering’—again not new as to prac- 
tice, but comparatively new as a man- 
ner of thinking. How can one teach 
these concepts, this new approach, 
this new manner of thinking? 
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It is indeed necessary to cover the 
conventional subject matter of systems 
engineering: useful symbols, defini- 
tions, and concepts; descriptions of 
the instruments and equipment used 
in control; mathematical tools such as 
the Laplace transform; techniques 
such as block-diagram analysis; bodies 
of knowledge such as those that relate 
to controlling and measuring. But 
most of this subject matter is well coy- 
ered in the various excellent textbooks 
on control available today. Therefore, 
the full body of this subject matter 
need not be detailed here. 

What will be covered in this paper 
are some of the problems met in con- 
veying to students the subject matter 
of automatic control or, more broadly, 
“systems engineering,” and a few of 
the possible teaching techniques de- 
signed to overcome these problems. 

Teaching problems in the field of 
systems engineering stem largely from 
the reaction of students to the very 
newness of the systems concept. To 
speak the language of this field ap- 
pears to pose some of the same types 
of difficulties presented in learning 
a foreign language. The technique 
which the author has found, time and 
again, to be most successful in resoly- 
ing the difficulties created by the new- 
ness and the unfamiliarity of this field 
and of this manner of thinking has 
been the use of examples, an ancient 
pedagogical trick. 

Because some of these examples 
have proven to be particularly success- 
ful in moving the students along from 
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a grasp of relatively simple systems to 
increasingly complex ones, and finally 
to a grasp of the systems concept it- 
self, the major stress in this paper has 
been laid upon examples that the 
author has found successful in his 
own teaching. 

It must be pointed out that the par- 
ticular course described in this paper 
is by no means the only course on 
control or systems engineering that is 
given at the University of California. 
This particular course, M.E. 164, is 
taught within the Mechanical Engi- 
neering Division of the Department 
of Engineering at Berkeley. Other 
courses covering similar and related 
subject matter are given in the Elec- 
trical Engineering Division. 

The author's views both as to the 
subject matter that should be taught 
ina course on control or systems engi- 
neering and the best way to convey 
this subject matter are his own. His 
views do not necessarily reflect the 
opinions of his colleagues. It is the 
author’s intent, only to share with 
newcomers to the teaching of systems 
engineering a few ideas derived from 
his own experience in this compara- 
tively unfamiliar field. Then, possi- 
bly, they may find it easier than did 
he, initially, to awaken the interest of 
students in systems and to develop in 
them a rudimentary ability to under- 
stand and predict the behavior of 
systems. 

M.E. 164 is a lecture course requir- 
ing 45 hours to complete. It is 
taught at the University of California 
at Berkeley in both the fall and spring 
semesters. Graduate as well as senior 
students are enrolled. The usual class 
includes students with majors in me- 
chanical, electrical, and chemical en- 
gineering as well as engineering phys- 
ics and an occasional student from in- 
dustrial engineering. 

When the students are at different 
educational levels and their back- 
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grounds are varied, a study in descrip- 
tive and analytical terms of instru- 
ments and fundamental mechanical 
and process control systems must nec- 
essarily be general in its objectives. 
The pedagogical techniques employed 
must appeal to a diverse group and 
the course subject matter must not be 
too difficult. 

Briefly, the objectives of the course 
are: 


1. To develop an awareness of com- 
ponents, their properties, and their in- 
teractions. 

2. To develop the students’ ability 
to use some of the mathematical tech- 
niques available for the analysis and 
synthesis of systems. 


The pedagogical techniques em- 
ployed in the course are designed 
chiefly to prevent those blockages in 
the students’ minds that arise from 
their unfamiliarity with the concepts 
and subject matter of the field of 
systems engineering. The technique 
which the author has found most suc- 
cessful, and this is the case particularly 
in the early stages of the course of 
instruction when the element of un- 
familiarity is most difficult to combat, 
is the use of examples. 

These examples are used, first, to 
capture the students’ interest in the 
field and, second, to prod them almost 
imperceptibly into an understanding 
of the field. Thus the examples 
chosen are generally descriptions of 
objects, situations, or processes with 
which students are well acquainted 
and in which they are likely to be in- 
terested. The effort, always, is to il- 
lustrate important principles by invit- 
ing comparisons to simple components 
so that the students’ mind may be 
freed for concentration upon the prin- 
ciples under consideration, and for the 
grasp of a new way of looking at 
familiar objects. 
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The subject matter of M.E. 164 in- 
cludes an introduction to closed-loop 
automatic control systems and basic 
instrumentation together with the lo- 
cation and identification of compo- 
nents. Also given is a discussion of 
the symbols, definitions, concepts and 
nomenclature used in control. 

Studied is the analysis of typical 
physical systems whose dynamic be- 
havior can be described to a first ap- 
proximation by a first-order linear dif- 
ferential equation with constant coeffi- 
cients. Response to step-, ramp-, and 
sinusoidal forcing functions are an- 
alyzed by means of classical and La- 
place transform methods. The stu- 
dent is introduced to concepts of the 
time constant, resistance to flow, ca- 
pacitance, single-energy-storage sys- 
tems, system linearization at the op- 
erating point, potential value, dynamic 
error, lag, sinusoidal frequency re- 
sponse, Nyquist and Bode diagrams, 
corner- or break frequency, attenua- 
tion and gain, phase shift, transfer 
function, and block-diagrams. 

Considerable time is devoted to 
block-diagramming because of the 
usefulness of this technique not only 
in control theory but also in other 
fields which the engineer who is be- 
ing trained today is likely to encoun- 
ter tomorrow. Simple interactions be- 
tween components are conveniently 
shown by means of these diagrams 
that are pictorial representations of 
the several simultaneous equations 
necessary for describing a system. 

Also included in the subject matter 
of M.E. 164 are second-order systems, 
the simple servomechanism, complex 
and real roots, oscillations, the distinc- 
tion between attenuation and the 
damping ratio, undamped and damped 
natural frequency, resonance and forc- 
ing frequency, stability, and transfer 
lag. 

Another part of the course content 
of M.E. 164 is controller responses: 
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proportional, integral (reset), deriva. 
tive (rate), steady-state error ( offset 
droop ), and the means of generating 
controller responses. 

Finally, this course gives an analy. 
sis of the dynamic response of the 
open and closed control loop, includ. 
ing the “process” and the controlling 
and measuring means, graphical meth. 
ods for analysis and synthesis of com. 
plex systems including dead time, cop. 
trollability, approximation of cop. 
troller settings, correlation between 
transient and frequency response, dis- 
tributed-parameter systems, and prac. 
tical applications involving automatic 
control of liquid level, temperature, 
pressure, speed, and flow. 


Teaching Problems 


What are some typical teaching 
problems encountered in developing 
the above subject matter and what 
types of devices or presentations have 
been developed in order to circum. 
vent these problems? 


At the outset of the course there is the 
initial task of conveying at least a 
minimum number of useful symbols, 
definitions, and concepts to the stu- 
dents so that they may move about 
with some ease in the subsequent 
phases of a course on control. 


The author approaches this task 
with the type of conventional repre- 
sentations shown in Figures 1, 2and3. 

The diagram, figure 1(a), is a pic- 
torial representation of a simple spring, 
the behavior of which can be de- 
scribed by the relation 


F (lb) X S (ft/lb) = X (ft). 


Control engineers call S$ the “gain” of 
the system, F and X the “signals,” and 
usually simplify the representation by 
the block diagram shown in figure 


1(b). 


The equation 


a (ft) — b (ft) = ¢ (ft) 
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can be represented pictorially by the 
symbols in figure 2, which denote a 
summing process. Note that only like 
quantities can be brought into a sum- 
ming point. A branch point, indicated 
by a dot (see figure 3) means that a 
signal is sent to more than one point. 
The signals in all three branches are 
identical, thus there is no subtraction 
at the junction. 

In figure 4, the relationship between 
r and c, showing “negative feedback,” 
can be found by solving the simulta- 
neous equations 


e=r—b 
c= Gye 
b= Hac 


The result is 


c=(paa | 


which is probably the most important 
equation in feedback control theory. 
It relates the characteristics of the 
open loop, 


b = (Gil, Je 


to those of the closed loop. This final 
relation can be denoted by the block 
diagram, figure 5, in which the single 
block is equivalent to the preceding 
closed-loop block diagram relating r 
and c. The function within a block 
is often called the transfer function, 
or relating function. 

Using the symbol D to indicate dif- 
ferentiation with respect to time, and 
1/D for integration with respect to 
time, 


cn 


dr 


The second problem encountered is 
that of conveying a knowledge of 
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block-diagramming. To demonstrate 
the method the following equation 
recommended by Newton to describe 
the convective cooling of a hot object 
within a cooling fluid provides a goog 
example: 


q = hA = = ttuia) 


The symbols are q = heat flow rate 
h = heat-transfer coefficient, A = arey 
of object, t = temperature. In block. 
diagram notation, the equation is rep- 
resented as shown in figure 6. 

Another question that arises is that 
of how the student’s newly gained 
knowledge of block-diagramming can 
be applied most simply to a closed. 
loop system. We might carry New. 
ton’s equation one step further, 

We might, for example, make the 
students recognize that an ordinary 
Hg-in-glass thermometer is a closed. 
loop system and then proceed to an- 
alyze this instrument as such, using 
block-diagram notation. We would 
thus describe the dynamic behavior of 
a “system” with which the students 
should be abundantly familiar. The 
description is given in figure 7. Addi- 
tional symbols are V = bulb volume, 
w = specific weight and c = specific 
heat of Hg. 

In control theory we are usually in- 
terested in changes from a convenient 
reference value. If we choose the ini- 
tial Hg temperature as reference, the 
block diagram in figure 7 becomes 
that in figure 8. 


Using the equation 


t* = Gi | pe 
 eapes - mm GH, © fluid 


and substituting 
hA 

V Wwe D ; 

= 1 


Gi = 


? 
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where T = V we/hA hrs. = time con- 
stant of the thermometer. An hour is 
such a large unit that thermometer 
time constants are usually expressed 
in minutes, or seconds. 

Returning to block-diagram nota- 
tion, the behavior of the thermometric 
element can be shown as the single 
block, Figure 9. The transfer func- 
tion can also be defined, in operational 
form, as the ratio of the output signal 
to the input signal (this is not a meas- 
ure of “efficiency”). For the Hg-in- 
glass thermometer then 


t* He Rm: 1 
fing TD+1 


Cross-multiplying we get 


[TD+ 1] tag = na, 


_KK/Ge 
(Tw + 1)(T2D + 1) 
__ KK ‘Ge 


TD + 1)(TD + 1) 


rs 


t,* 


th, 


t 


Written in the form of a differential 


. AN dt,* en po dt 
TiT2—%- + (Ti+ 73): 
ar” 


~ T,\T,.D? + (T,+ 7T2)D+ (1 


dr 
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or, in differential-equation form. 


dt* He 


: + fz, = f* na. 
dr - 


Adding the initial Hg temperature tp 
both sides of the equation the resylt 
becomes 


dtr 


r dr 


+ tHe 


As soon as the students feel at home 
with block-diagramming and _ have 
been introduced to the closed-loop 
system, they are ready for a simple 
automatic control problem. 

It is not inappropriate that a ther- 
mometer should set the stage for the 
consideration of an automatic hot wa- 
ter temperature control system. At 
least, when presented in block-dia- 
gram form, their resemblance is strik- 
ing. The schematic diagram of an 
automatic hot water temperature con- 
trol system is shown in Figure 10 and 
its corresponding block diagram in 
Figure 11. The starred temperature 
signals are actually temperatures re- 
ferred to t, °F. as a reference. 

We are interested in the dynamic 
relationship between changes of the 
index, t,,* °F, and the corresponding 
response of the recording pen, t,* °F. 
To aid in focusing our attention upon 
the independent and dependent var- 
ables of interest, we redraw the block- 
diagram to obtain Figure 12, and find 
the desired relationship to be 


K .K/Ge 
K .K/Gc) 


equation, 
K.K 
> 


’ 
p 

4. — 
Gc 
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we note its similarity to the equation 
for a spring-mass-damped system, 


ax dx 
M—+ B—+4+Kxe=F. 
dr dr 


We should therefore expect similar 
behavior for both systems. Note that 
the open-loop system is not oscilla- 
tory, but that the closed-loop system 
can be, depending upon the adjust- 
ment of controller gain K,. Note also 
that the pen cannot coincide with the 
index, unless special adjustments are 
made within the controller, as the 
steady-state relationship is 


4 4 KK i.* = KK * 
wee | ae 


obtained by letting the derivative 
terms go to zero. Thus the final 
change in pen position, 





will always be less than the corre- 
sponding shift of the index, f,;*. This 
error is decreased by making K, as 
large as possible (increasing controller 
sensitivity), but the price is a less 
stable system. 

How can we move on to the analy- 
sis of a system where the interaction 
is somewhat more complex? 

We can use for an example two 
tanks in series through which water is 
flowing. (To linearize the analysis of 
this system we must assume that there 
will be no more than small variations 
in this flow. We have used capital 
letters in the following diagram to in- 
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dicate average values, and small let. 
ters for small deviations from these 
average values.) This system is illys- 
trated schematically in Figure 13, with 
the block-diagram as given by Figure 
14. Loops must be simplified before 
they can be reduced to the equivalent 
G/(1+ GH), where G = product of 
all blocks in the feed-forward part of 
the loop and H = product of all blocks 
in the feedback part of the loop. Thus 
we must remove from the first loop 
the point where hz subtracts from h,. 
We are free to change the block-dia- 
gram configuration to suit us, pro- 
vided the relationship between f; and 
hz is maintained. Let us subtract hy, 
after multiplication by A,D, from 
fi—f:. The relationship between jf, 
and f;, hence between f; and h», re- 
mains the same. We may interchange 
the sequence of subtraction between 
f; and the input to 1/A,D. The block. 
diagram then becomes that of Figure 
15. It is now a simple matter to re- 
duce the two inner loops first. For 
loop I we get, 














1 
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The rearranged block-diagram is illus- 
trated in Figure 16. Finally, this may 
be reduced to 
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How can we take the students up 
the ladder of increasing complexity, as 
for example, when there are two inter- 
acting second-order systems? 

We can frame an example based on 
the tuned vibration absorber shown 
in Figure 17—not as familiar to the 
students as the homely thermometer 
but an old acquaintance after this 
portion of the course has been com- 
pleted. Further, this example gives 
us another opportunity to show that 
block-diagrams will provide us with 
more insight than equations in this 
type of analysis. For simplicity, we 
have omitted the damping terms in 
the subsequent block-diagrams. A 
block-diagram representation of this 
vibration-absorber system appears as 
Figure 18. Without the tuned vibra- 
tion absorber, a small sinusoidal force 
applied at resonance frequency will 
produce a large sinusoidal deflection 
x, With the tuned vibration ab- 
sorber, the large circulating signal in 
the second loop will feed back a 
counteracting force which cancels 
most of the applied force. The vibra- 
tion of the main mass is reduced as a 
consequence. 

The generation of controller re- 
sponses is another important consid- 
eration in control theory. It is true 
that text books contain considerable 
material upon this aspect of control, 
but is there a more vivid manner of 





po (psi) b 
x, (inches) a+b 
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presenting the way responses are pro- 
duced? 

We have found it productive of 

good teaching results to use a pneu. 
matic controller as an illustration of 
controller responses because of its 
simplicity. It is helpful, also, to dis- 
tort the proportions of the compo- 
nents and to connect them in an 
unconventional manner. Such an jj. 
lustration can be worked out as shown 
in Figure 19. 
- Symbols used are: x; = input dis. 
placement, such as may be produced 
by a Bourdon element, x, = displace- 
ment produced by feedback bellows, 
xy = net displacement of the flapper at 
the nozzle, A = feedback bellows area, 
k = feedback bellows spring constant, 
P = average absolute pressure, py = 
nozzle pressure change, p, = feedback 
bellows pressure change, V = feed- 
back bellows volume, C = feedback 
bellows capacitance = V/P for iso- 
thermal changes, R = resistance to 
flow at operating point, T, = RC= 
bellows time constant. The nozzle 
time constant is here assumed to be 
negligible. Small movements at 2; 
produce large changes in po, the ratio 
being in the order of 1000 to 10,000 
psi/inch. This relationship is not 
linear. 

The block-diagram for this con- 
troller is shown in Figure 20. The 
corresponding transfer function may 
be written 


5000 
5000 a A 
(a+ bk (T,D + 1) 


oo 
~ [TD +1], 
Gs 


We recognize this as the transfer func- 
tion for a proportional-plus-derivative- 
response-type controller. The pro- 
portional response may be adjusted by 
changing the length of “a”, and the 





derivative response by changing the 
value of R. With R = 0 this control- 
ler produces a proportional response 
only. It is interesting to note that 
this application of the feedback prin- 
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ciple has produced a proportional re- 
sponse governed by the ratio bk/aA, 
independent of the nonlinear nozzle- 
flapper amplifier characteristic. 

With two identical bellows in op- 
position, connected as shown in Fig- 
ure 21, the controller will produce 
both proportional and integrating re- 
sponses. The corresponding block- 
diagram is Figure 22, which can be 
simplified to the diagram of Figure 23. 
The analysis of this latter diagram 
leads to the over-all transfer function 
for this controller: 


Po bk 1 | 

x; aA E t rp | 
Decreasing the positive-feedback re- 
sistance, R, has the effect of increas- 
ing the rate of integration. A feed- 
back loop external to the controller, a 
feedback that links po with x; by 
means of a process, may be used to 
stabilize the above system. 

But the arrangements used in the 
above illustration would, indeed, pro- 
vide poor controllers. 

We can now show how a poor con- 
troller may be improved. How can 
this be done? The previously shown 
proportional controller has been rede- 
signed into a more conventional sys- 
tem by providing a pneumatic power 
amplifier, which gets around the dif_i- 
culties of the previous systems; the re- 
sult is shown in Figure 24. 


Conclusion 


And finally, does the teacher accom- 
plish all that needs to be done in 
teaching an introductory course on 
systems engineering by conveying the 
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more elementary nomenclature, tech. 
niques and subject matter of this field? 

In the author’s view, the teacher 
should also attempt to instill a new 
manner of thinking in the potential 
“systems engineer,’ a new philosophy, 
a recognition that certain principles 
are operative in all systems, for exam- 
ple, the principle of feedback. 

The teacher, as he proceeds, should 
also point out that these principles of 
systems may possibly be applicable 
to fields that are regarded as outside 
the scope of systems engineering, 
These principles may, in fact, provide 
at some time fruitful methods for 
studying fields not customarily re- 
garded as open to engineering tech- 
niques at all, for instance, the socio- 
economic field. 

The fundamental problem of creat- 
ing essentially a new point of view 
cannot be met by providing a few ex- 
amples, no matter how excellent these 
examples may be. Rather, there must 
be generated a recognition, a philos- 
ophy, that can derive only from the 
sustained climate of the classroom it- 
self. This recognition can best be 
created from a wealth of examples 
and anecdotes spontaneously arising 
from the informal discussions that 
take place in the classroom, from sud- 
den insights arrived at both by stu- 
dents and by the teacher. The stu- 
dents must come to perceive that the 
considerations involved in driving an 
automobile along a road are not un- 
like those encountered in the design 
of a temperature-control system, or 
that one may observe the principles 
of feedback in both a chemical proc- 
ess and the working out of an histor- 
ical incident. 
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COORDINATION OF CLASSROOM 
AND LABORATORY INSTRUCTION 
IN PROCESS DYNAMICS AND CONTROL 


N. H. CEAGLSKE 


Professor of Chemical Engineering 
University of Minnesota, Minneapolis 


Presented at the meeting of the Chemical Engineering Division, 
American Society for Engineering Education, June 19, 1957, Cornell 


University, Ithaca, New York. 


The trend in engineering education 
in recent years has been in the direc- 
tion of increased emphasis upon basic 
theory, particularly the use of mathe- 
matical methods. In many schools 
the curricula have been rearranged 
with more time allotted to the the- 
oretical phases and as a consequence 
laboratory work has had to be de- 
creased in order to maintain the nor- 
mal credit load. The proportion of 
the available time that should be de- 
voted to laboratory work is debatable, 
there being almost as many opinions 
as people discussing the subject. 

At the University of Minnesota it 
was believed desirable to have some 
laboratory work connected with the 
course in automatic process control. 
The complete course has been given 
in two quarters, three credits each 
(six quarter credits or four semester 
credits) with one of the six credits 
assigned to laboratory work. Begin- 
ning in the fall of 1957 the course 
will be required of all senior students. 
With the increased number of stu- 
dents, the laboratory work will have 
to be reduced to five laboratory pe- 
tiods because of space and time lim- 
itations. The remaining five periods 
of the quarter will be devoted to cal- 
culations involving the analysis and 
design of a control system. The cal- 
culations and some of the laboratory 
experiments are combined to form a 





Recommended by the Division. 


complete problem on the design and 
testing of a control system. 


Classroom Course 


In order to discuss the coordination 
of classroom work and laboratory ex- 
periments, it is necessary to give a 
description of the classroom work, 
since the types of laboratory experi- 
ments will depend upon the nature 
of the classroom work. The course is 
based upon the text, Automatic Proc- 
ess Control for Chemical Engineers 
(2). The principal subjects covered 
are: 


1. Descriptive matter on measure- 
ments, controllers, valves, processes 
and control systems. 

2. Derivation of equations for the 
dynamic response of each part of the 
control system. 

3. Transient response of the control 
system. 

4. Frequency response methods ap- 
plied to control systems. 

5. Analysis and design of control 
systems by simple methods based upon 
the transient or frequency response. 


It is obvious that the major part of 
the time is devoted to the mathe- 
matical procedures needed for the 
study of the dynamics of control sys- 
tems. Numerous problems are used 
throughout the course to help the stu- 
dent obtain a working knowledge of 
the principles of dynamic analysis. 
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Laboratory Experiments 


Laboratory experiments have been 
used many years as a teaching aid for 
at least three reasons. 


1. The students have an opportu- 
nity to become familiar with apparatus 
and instruments which have been dis- 
cussed in class. 

2. The students develop some ex- 
perimental technique. 

3. The students can compare the- 
oretical with experimental results. 


The laboratory experiments dis- 
cussed below are designed to accom- 
plish these three objectives, as well as 
being reasonable in cost. The amount, 
size and type of experimental equip- 
ment for the laboratory depend upon 
the funds and manpower available. 
Unfortunately, the apparatus most 
useful in an automatic control labora- 
tory is rather expensive; however, 
some useful and inexpensive equip- 
ment can be built in the school’s shop. 

The experiments can be classed as 
follows: 

1. Difficulties encountered in steady 
state measurements, including the 
calibration of instruments. 

2. Dynamic measurements. 


(a) Transient response. 
(b) Frequency response. 


3. Experimental determination of 
control system parameters from 
(a) Steady state data. 
(b) Transient response data. 
(c) Frequency response data. 
4. Operation of a control system, 
comparing results with the calculated 
responses. 


Details of the dynamic response ex- 
periments used at the present time, 
together with the equipment neces- 
sary, are given below. 
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Experiment 1. Calibrations 


(a) Calibration of pressure gages 
with a dead weight tester. 

(b) Calibration of a recording po- 
tentiometer using a L and N semi-pre. 
cision potentiometer as the standard. 

(c) Calibration of a recording pres. 
sure gage using a mercury manometer 
as the standard. By taking readings 
with increasing and decreasing pres. 
sure, hystereses effects can be deter- 
mined. 

(d) Calibration of the proportional 
band and automatic reset dials of a 
pneumatic controller. 

Experiment 2. 
urements 


Temperature meas- 


This experiment is designed to illus- 
trate the difficulties in making accv- 
rate temperature measurements due 
to factors other than the calibration of 
the instrument. 

The apparatus consists of 6-inch 
stove pipe about 7 feet high. A 
burner is placed at the bottom of the 
pipe to provide a hot stream of gases, 
A better distribution is obtained if a 
baffle or straightening vanes are 
placed a short distance above the 
burner. 

A traverse is then made to deter- 
mine the temperature distribution of 
the gas stream with a mercury ther- 
mometer, bare thermocouple, metal 
and glass protected thermocouples, 
and a high velocity thermocouple. 
Each instrument produces its own 
characteristic temperature distribution 
curve. The high velocity thermocou- 
ple which has its junction protected 
from stray radiation and conduction 
along the leads may be assumed to 
give the most satisfactory results. 

The same apparatus is used to 
measure surface temperatures by ther- 
mocouples attached to the pipe wall 
in different ways. The methods of 
attaching are (for each thermocouple 
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the lead wires extend through the 
heated region at the center of the 
pipe ): 

1. The two wires are soldered sep- 
arately to the pipe wall. The pipe 
itself is then part of the thermocouple 
circuit. 

9. Each element of the thermocou- 
ple is made up of two strands of wire 
and each soldered separately to the 
pipe wall. 

3, Same as the second with three 
strands for each element. 

4, Same as the second with four 
strands for each element. 

5. The thermocouple junction is 
pressed close to the pipe wall. 

6. The thermocouple junction is 
soldered to the pipe wall. 

7. Each element of the couple is 
soldered separately to the pipe wall 
and the lead wires are pressed close 
to the wall (electrically insulated ) for 
alength of two inches. It is needless 
to say that none of the couples give 
the same reading, the maximum dif- 
ference encountered is about 10° F. 
The problem is to determine which 
methods provide the most accurate 
means of measuring the surface tem- 
perature. 


The results of the first four are 
plotted temperature vs. number of 
wires and the curve extrapolated to 
zro number to obtain an estimate 
of the true surface temperature. Of 
the others, number 7 gives the most 
accurate measurement and compares 
with the extrapolated value obtained 
fom the first four thermocouples 
favorably. 


Experiment 3. 
ments 


Dynamic 


measure- 


(a) Transient response. The tran- 
sient response of thermometers is ob- 
tained by transferring a thermometer 
from one bath to another, each of 
which are maintained at different tem- 





CLASSROOM AND LABORATORY INSTRUCTION S| 


peratures or from a bath to air. Both 
bare and protected thermometers are 
used. When using thermocouples the 
most satisfactory method of taking 
readings is with a high speed, adjust- 
able span, adjustable zero type re- 
cording potentiometer. (A poteniom- 
eter of this type will be found exceed- 
ingly useful in the laboratory, cost 
approximately $1000.00. ) 

The dimensions and weight of the 
element and the heat transfer coeffi- 
cients can be estimated and the time 
constants calculated. The calculated 
values then are compared with the 
experimental values. 

(b) Frequency response. The fre- 
quency response of a mercury ma- 
nometer is determined. A sine wave 
generator can easily be constructed 
(4) for about $125.00. The damping 
coefficient and the natural frequency 
are easily calculated from the data 
and are then compared with the the- 
oretical values, assuming the mercury 
flow in manometer is laminar. 


Experiments 4 and 5. Control system 
parameters and control system op- 
eration 
These two experiments are dis- 

cussed together 

equipment is used for both and they 
are closely related. 

There are a large number of sys- 
tems which can be used with costs 
ranging from a few dollars up to sev- 
eral thousand dollars. Two systems 
will be described in this paper. The 
simplest and cheapest system (1) is 
one made up of two rectangular tanks 
one foot high and of different cross- 
sectional areas. Each tank is fitted 
with a Sutro weir (head-flow relation- 
ship linear). The weirs may be the 
same or different. The tanks are used 
separately or in series. A rotameter is 
desirable to measure the rate of inflow 
to the tanks. The students determine 
the flow-level relationship for the 


because the same 











weirs, which is expressed as a resist- 
ance to flow, R — cm.min./cm.* The 
time constants then are the product 
of R and the tank area or T= RA 
— min. 

The time constant is also deter- 
mined from the transient response. 
The data are obtained by making a 
step change in the input flow and 
recording the level change with time. 
The time constant then is the time at 
which the level reaches 63.2% of the 
total change. Level measurement can 
be made by a number of methods. The 
simplest is the use of a glass tube ex- 
tending up the side of the tank with 
a scale attached. A more elegant 
method is to use a pressure transducer 
(Stathem P 5-0.75G gage pressure 
transducer—$175.00) and a recording 
potentiometer (same as for Experi- 
ment 3). 

The transient responses for both 
single and two capacity processes are 
easily determined and then compared 
with the responses as calculated from 
the equations for the corresponding 
system. The same equipment can be 
used for a simple control experiment 
using proportional control and with 
single or two capacity process. The 
students themselves simulate the con- 
trol action. A proportional band is 
selected and a table or graph of 
rotameter readings and levels are cal- 
culated. 

Then, after making the desired step 
change in either the control point or 
load, one student reads the level and 
the other adjusts the rotameter to the 
corresponding flow rate. The experi- 
mental responses are again compared 
with the calculated responses. When 
both tanks are operated in series, a 
load change may be introduced into 
either tank. 

A somewhat more elaborate process 
and one which is capable of a much 
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greater range of experiments is a pres. 
sure process (3). Details of the ap- 
paratus and the method of use can 
be found in the reference and there. 
fore will not be repeated here, The 
apparatus required and the approx. 
imate cost of the items is given in the 
table below. 


TABLE 1 


APPARATUS FOR A PRESSURE ProcEss 
ContTrOL SysTEM 


Tank—100 psi max. press.— 


volume up to 1 cu. ft. $ 25.00 
Pneumatic pressure controller— 

3 mode 250.00 
Pneumatic valve with valve 

positions 175.00 
Recording oscillograph— 

2 channel 700.00 
2 Amplifiers—at $600.00 1200.00 
2 Pressure transducers— 

Statham PC-10D-350 350.00 


Miscellaneous instrument pres- 
sure reducers, gages, piping, 
panel, etc. 100.00 


The apparatus listed in Table 1 is 
used in a variety of ways: 

1. Determination of system param- 
eters. The time constants of the proc- 
ess, valve, and controller are deter- 
mined from steady state calculations, 
the transient response and the fre- 
quency response. The steady state 
method requires a determination of 
the flow characteristics of the control 
valve and outflow valves. Due toa 
lack of laboratory time some of the 
data are supplied to the students, for 
this and some of the remaining parts 
of the experiment. The transient re- 
sponse of the process is easily deter- 
mined. The frequency response of 
the process, control valve and cot- 
troller is time consuming so that part 
of the data is supplied. The constants 
determined by three methods are 
found to be in reasonably good agree 
ment. 
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2. Control system design. The sys- 
tem parameters having been deter- 
mined, it is now possible to calculate 
the controller gain (proportional 
band) necessary to produce a reason- 
able transient response or a reason- 
able frequency response by the sim- 
ple methods given in the text. Like- 
wise the effect of adding integral and 
rate modes of control are calculated. 

3. Operation of the control system. 
The system is then actually operated 
with the controller adjustments that 
have been calculated. If time per- 
mits both the closed loop transient 
and frequency responses can be cal- 
culated and experimentally deter- 
mined. 


This experiment and its associated 
calculations covers essentially all of 
the theoretical work presented in the 
class lectures. 


Comments 


The above comments upon suitable 
laboratory experiments in automatic 
control are the present thoughts of 
the author and are subject to change 
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as knowledge, experience, and ap- 
paratus in the field change. Others 
interested in teaching a course in proc- 
ess control and dynamics will have 
many other ideas for the most suitable 
experiments. 

In conclusion, the author is in favor 
of at least some laboratory work as a 
teaching aid and believes that labora- 
tory experience helps the students un- 
derstand the theory because with 
properly chosen experiments theoret- 
ical equations can be checked experi- 
mentally. Acquaintance with a few 
types of commercial instruments and 
controllers is incidentally accom- 
plished by actual operation and test- 
ing. 
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There is a growing awareness on 
the part of many within the chemical 
processing industry that the striking 
advances in engineering which have 
evolved in other areas can be applied 
with profit to their own. The new 
ideas, philosophies, concepts, theories, 
and techniques which have emerged 
enable the engineer to view a complex 
operation in its entirety as an inte- 
grated unit, an ensemble, and then 
to effect the design of coordinated 
systems. This “new look” is based on 
what can be called the systems ap- 
proach. 

Some time ago Monsanto Chemical 
Company initiated an effort to investi- 
gate the applications of systems engi- 
neering to its operations. A major 
and immediately encountered deter- 
rent to extensive application of the 
systems approach, however, was the 
decided lack of personnel having com- 
bined training in chemical engineer- 
ing principles and modern methods 
of systems analysis and synthesis. 

Indeed, the major effort in process 
dynamics and control studies is being 
made at present by people outside of 
the chemical engineering profession. 
For the most part electrical and me- 
chanical engineers are presently mak- 
ing the major contributions in this 
area. 

It seems reasonable, however, to be- 
lieve that maximum progress in the 
application of systems engineering 
technology to the chemical processing 
industries can occur only when the 
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chemical engineers and those asso. 
ciated with the process design prob. 
lems also become skilled in the art 
and science of process control and 
dynamics. Few others have the back. 
ground to have a full understanding 
of the problems characteristic to 
chemical processing. 

Chemical engineers, moreover, have 
the greatest interest in solving prob- 
lems in their own field. Only when 
chemical engineers have mastered the 
knowledge of process dynamics will 
they be capable of specifying, design- 
ing, and supervising controlled sys- 
tems. 

Should chemical engineers by de- 
fault let the acquisition of this know! 
edge be carried out by others, then 
chemical engineers may suffer the 
fate of playing a secondary role in 
their own field. It is quite likely that 
many of the difficulties which exist 
today in the application of automatic 
control techniques to the process in- 
dustry result from the fact that chem- 
ical engineers are not the guiding 
participants. 

In order to overcome this difficulty 
and to create a core of process engi 
neers skilled in the fundamentals of 
systems engineering as embodied in 
process control and process dynamics 
studies, a special company-sponsored, 
educational program has been estab- 
lished. This is a full-time, directed- 
academic-leave program. It will e~ 
roll several key company engineers in 
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a curriculum consisting of upper divi- 
sion and graduate courses. 

For the most part these will be reg- 
ular university courses offered by 
Saint Louis University. The program 
will occupy a full calendar year, con- 
sisting of two summer sessions fol- 
lowed by a regular two-semester aca- 
demic year. 


Basis for Curriculum 


The personnel involved in chemical 
process research and development and 
in chemical plant design have of 
necessity rather diversified back- 
grounds. These may include chem- 
ical, mechanical, or electrical engi- 
neers; chemists; or physicists. To 
have maximum effectiveness the pro- 
gram should accommodate all of these 
personnel to as high a degree as 
possible. 

In addition, since prospective stu- 
dents will differ in age and experi- 
ence, the program must provide proper 
refresher material. Finally, a selec- 
tion of courses in basic electrical and 
chemical engineering is necessary in 
order that the students may acquire a 
somewhat common background. 

The basic purpose of the studies 
must be to prepare personnel having 
training in each of the pertinent, ma- 
jor engineering disciplines for systems 
work in the chemical industry. All of 
the students should therefore partic- 
ipate in a strong program in servo- 
mechanisms concepts, in operational 
mathematics, and in modern com- 
putational techniques. Other por- 
tions of the program must be tailored 
to fit the individual needs arising from 
the different backgrounds represented. 

Therefore, chemical and_ possibly 
mechanical engineers should pursue 
a minor program which will strengthen 
their background in basic electrical 
engineering. Courses in electromag- 
hetism, alternating current theory, and 
électronics thus seem indicated. Sim- 
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ilarly, the minor program for elec- 
trical engineers should fill in their 
background with a study of the basic 
principles of chemical engineering 
and the physical and chemical phe- 
nomena involved in measurement 
methods. 

In deciding the level at which to 
present the material, two conditions 
were taken into account: First, in or- 
der to interest properly qualified can- 
didates, the possibility of attaining at 
least a Master's degree was considered 
a necessary feature. Secondly, the 
type of material to be presented is 
given at both upper division and 
graduate levels at most engineering 
schools with the graduate level pre- 
dominating. Therefore, the choice of 
courses and their arrangement was 
such that the curricula would embody 
the qualifications of a bona fide Mas- 
ters level program. 

Our immediate objectives appeared 
to be most readily attainable through 
a program of considerable scope 
rather than one of the short intensive 
type. Several of these latter intensive 
programs in systems engineering are 
offered at colleges and universities 
about the country, as well as by sev- 
eral of the instrument makers. 

It was concluded that such pro- 
grams are not suited to the average 
uninitiated engineer because of the 
necessary rapidity of presentation and 
the usual difficulties experienced by 
the students in gaining a sufficient un- 
derstanding of the mathematics in- 
volved. Therefore, we felt that a 
more comprehensive approach, which 
allows sufficient time for assimilation, 
beginning with a review of basic con- 
cepts, would yield higher returns. 


The Curriculum Itself 

With the above considerations in 
mind, the following program was or- 
ganized by Saint Louis University. 
With the exception of the chemical en- 








gineering, measurement systems, and 
advanced servomechanisms (Servo 
III), all of the courses are standard 
University presentations. The par- 
ticular course selections and curric- 
ulum arrangement are unique, how- 
ever. 

In addition, insofar as is practicable, 
illustrations and problem assignments 
will be especially chosen so as to have 
a direct bearing on the work of the 
chemical industry. This will be espe- 
cially true in the case of Servo III in 
which special techniques, methods, 
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and theories will be studied which are 
appropriate for the unique situations 
and systems encountered by those ep. 
gaged in chemical processing, 

Minor Programs. It was decided to 
organize the curriculum in such q 
way that the refresher work and 
minor program was taken care of jn 
an eleven-week summer session be- 
fore the beginning of the regular 
school year. As mentioned before. 
two separate minor programs are nec- 
essary. They are as follows: 


1. Program for Students with Chemical and Possibly Mechanical 


Engineering Training 


a. First Session—Six Weeks 


(1) Eg 102—Advanced Engineering Mathematics 


(2) Ee 140—AC Circuits 


b. Second Session—Five Weeks 


(1) Ee 133—Electromagnetics and Electronics 


bo 


Engineering Training 


a. First Session—Six Weeks 


(1) Eg 151—Chemical Engineering I 
(2) Eg 153—Measurement Systems 


b. Second Session—Five Weeks 


(1) Eg 152—Chemical Engineering II 


In case any registrant already has 
a background which includes some or 
all of the above listed courses, he will 
be permitted to substitute other sub- 
jects in mathematics, physics, or other 
engineering fields. 

Major Programs. Following suc- 


1. First Semester 


(1) Eg 205—Servomechanisms I 
(2) Eg 213—Digital Computers 


(3) Eg 251—Complex Function Theory (Introduction to 
Operational Mathematics ) 


(4) Eg 295—Introduction to Graduate Study in Engineering 





. Program for Students with Electrical 


ioe) 
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Total Credits 10 
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Total Credits 10 





cessful completion of one of the minor 
summer programs listed above, the 
student will begin a two-semester pro- 
gram in servomechanisms, operational 
mathematics, and the theory and use 
of computing machines. This sched- 
ule is: 


3 credits 
3 credits 


3 credits 
3 credits 


Total Credits 2 
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2. Second Semester 
(1) Eg 206—Servomechanisms II 
(2) Eg 211—Analog Computers 


PLAN FOR SYSTEMS ENGINEERING EDUCATION 763 


3 credits 


3 credits 


(3) Eg 253,—Operational Mathematics or 


Eg 255  —Engineering Mathematics 


(4) Eg 207—Servomechanisms III 


Item four, first semester, Eg 295, is 
a University requirement for the Mas- 
ter’s degree. If the student prefers, 
he may satisfy this requirement by 
passing a written examination in a 
foreign language (usually either 
French or German). Again, as in the 
case of the summer program, a choice 
of electives is possible if the student 
is already proficient in some of the 
course material normally specified. 


Thesis 

Saint Louis University requires a 
thesis for the awarding of the M.S. 
degree, but the present curriculum 
does not allow time in the one-year 
program for the completion of a re- 
search project. 
has been visualized that the necessary 


As a broad plan, it 


experimental work for the thesis could 
be carried out during a period of sev- 
eral months after completion of the 
4 classroom credits. 


3 credits 
3 credits 


Total Credits 


bo 


Actual arrangements to carry out 
this plan will have to be made in each 
case on an individual basis. Experi- 
mental work done in Monsanto re- 
search laboratories in St. Louis under 
the general direction of a University 
staff member will in all probability be 
acceptable to the University in ful- 
filling the thesis requirements. 


Conclusion 

It is anticipated that the proposed 
curriculum will provide the basic ele- 
ments required for effective work in 
systems engineering by people with 
previous training equivalent to a 
Bachelor's degree in engineering. It 
should also serve to prepare those 
with backgrounds in the fields of 
mathematics, chemistry, and physics 
for work in the systems field. In these 
latter cases, however, additional engi- 
neering courses will probably be re- 
quired before the candidate can be- 
come eligible for the Master’s degree. 
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OVID W. ESHBACH 
; DIES IN OFFICE 

1 


Dr. Ovid Wallace Eshbach, Walter P. Murphy professor of Engi- 
neering sciences at Northwestern University’s technological institute 
and the institute’s first dean, died March 4 in his office. 

Dr. Eshbach has received several awards for his contributions 
to engineering education. He became dean of the institute at 
Northwestern in 1939, formerly having taught at Lehigh University, 
Massachusetts Institute of Technology, and the Brooklyn Polytech- 
nical Institute. During World War II he was a special aid to the 


secretary of war and a member of the Engineering Manpower 
Commission. 
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ALBERT, Davin P., Assistant in Mechan- 
ical Engineering, University of Illinois, 
Urbana, Ill. J. W. Bayne, David G. 
Ryan. Divisional interest: Mechanical 
Engineering; Mechanics & Materials. 

Basits, Greorce F., Instructor in Me- 
chanics and Materials, U. S. Air Force 
Academy, Denver, Colo. Archie Hig- 
don, Robert G. Valpey. Divisional in- 
terest: Aeronautics & Aero E.; M. E. 

Barr, WILLARD E., Assistant Professor of 
Mechanical Engineering, University of 
Illinois, Urbana, Ill. James L. French, 
J. W. Bayne. Divisional interest: 
M. E.; Chem. E. 

Bocguet, Pump E., Associate Professor 
of Chemical Engineering, University 
of New Mexico, Albuquerque, New 
Mex. Thomas T. Castonguay, Marvin 
Clark May. Divisional interest: Chem. 
E.; Mineral Tech. 

BouBEL, RicHarp W., Instructor in Me- 
chanical Engineering, Oregon State 
College, Corvallis, Ore. Louis Slegel; 
W. H. Paul. Divisional interest: 
M. E.; Mechanics & Materials. 

BreveR, DELMAR W., Associate Profes- 
sor of Mechanics, U. S. A. F. Institute 
of Technology, Wright Patterson Air 
Force Base, Ohio. William D. Cle- 
ment, Vincent S. Haneman, Jr. Divi- 
sional interest: Aeronautics & Aero E.; 
Mechanics & Materials. 

CHAPMAN, Ray L., Associate Professor 
of Mechanical Engineering, University 
of Arizona, Tucson, Ariz. M. L. 
Thornburg, F. E. Jordan. Divisional 
interest: M. E.; E. E. 

CreecH, THomas F., Instructor in Ap- 
plied Mechanics, Kansas State Col- 
lege, Manhattan, Kan. P. G. Kirmser, 
M. E. Raville. Divisional interest: 
Mechanics & Materials; M. E. 

Davis, Wiriut1AM H., Lecturer in Engi- 
neering Science, University of West- 
ern Ontario, London, Ont., Canada. L. 
S. Lauchland, M. P. Poucher. Divi- 
sional interest: C. E.; Engr. Drawing. 

DeENAvIT, JACQuEs, Assistant Professor of 

Mechanical Engineering, Northwest- 

ern University, Evanston, Ill. R. S. 
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Hartenberg, A. B. Cambel. 
interest: M. E.; E. E. 

Dovucuty, JULIAN O., Instructor in Draw. 
ing, Mississippi State College, State 
College, Miss. J. G. Taylor, Jr, H, 
P. Neal. Divisional interest: Engr, 
Dwg.; Aero & Aero E. 

EcxeL, Earu J., Professor of Metallur. 
gical Engineering, University of J]. 
linois, Urbana, Ill. R. W. Bohl, A. ¢. 
Forsyth. Divisional interest: Mineral 
Technology; Metall.; Mech. & Mate. 
rials. 

EDGERLEY, Epwarp, Jr., Assistant Pro. 
fessor of Civil Engineering, Washing. 
ton University, St. Louis, Mo. D, W. 
Ryckman, A. W. Brust. Divisional jn- 
terest: C. E.; Chem. E. 

EMBER, GEORGE, Assistant Professor of 
Mechanical Engineering, University of 
Toledo, Toledo, Ohio. George E, Pan- 
kratz, W. Sherman Smith. Divisional 
interest: M. E. 

ENGMAN, CHARLES A., Associate Profes- 
sor of Engineering, University of 
Hawaii, Honolulu 14, Hawaii. James 
B. J. Downs, W. J. Holmes. Divi- 
sional interest: C. E.; Mechanics & 
Materials. 

FasAKE, WILLIAM E., Technical Program 
Representative, Engineering Services, 
General Electric Company, Schenec- 
tady, N. Y. D. F. Kline, L. E. Saline, 
Divisional interest: Administrator, In- 
dustrial. 

FIckEN, GeorceE W., Jr., Instructor in 


Divisional 


Physics, Fenn College, Cleveland, 
Ohio. W. A. Patterson, Robert M. 
Stark. Divisional interest: Physics; 
E. E. 


Foicu, Pepro A., Professor of General 
Engineering, College of Agriculture 
and Mechanic Arts, University o 
Puerto Rico, Mayaguez, P. R. Ff 
Acaron-Ortiz, H. Marti Marini. Di- 
visional interest: Mechanics and Ma- 
terials; Engr. Drawing. 

Funk, Monroe L., Civil Engineering 
Department, Kansas State College, 
Manhattan, Kan. John G. McEntyre, 
Bob L. Smith. Divisional interest: 
C. E. 
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Garrison, Epwarp B., Instructor in 
Drawing, University of Toledo, To- 
ledo, Ohio. George E. Pankratz, W. 
Sherman Smith. Divisional interest: 
Engr. Drawing; Tech. Inst. 

HABERSTROH, Rosert D., Industrial 
Liaison Officer, Massachusetts Insti- 
tute of Technology; Cambridge, Mass. 
]. P. Den Hartog, F. D. Ezekiel. Di- 
visional interest: Administrator, Edu- 
cational; Research Adminis. 

Hatt, RAYMOND C.,, Assistant Professor 
of Chemical Engineering, Kansas State 
College, Manhattan, Kan. Henry T. 
Ward, Frank J. McCormick. Divi- 
sional interest: Chem. E. 

Hansen, Ratpu W., Assistant Professor 
of Agricultural Engineering, Colorado 
State University. Fort Collins, Colo. 
Robert D. LaRue, Norman A. Evans. 
Divisional interest: Agricultural Engi- 
neering; Engr. Drawing. 

Harpy, RopeErT MAcDona.p, Dean of 
Engineering, University of Alberta, 
Edmonton, Alberta, Can. F. C. Lind- 
vall, W. Leighton Collins. Divisional 
interest: Administrator, Educational: 
C. E. 

Harris, NORMAN, Director of Technical 
Education, Bakersfield College, Bakers- 
field, Calif. L. M. K. Boelter, Bon- 
ham Campbell. Divisional interest: 
Administrator, Educational; Tech. In- 
stitutes. 

Hocan, Howarp K., Consultant in Em- 
ployer-Employee Relations, U. S. Of- 
fice of Education, Washington 25, 
D.C. Henry H. Armsby, F. C. Lind- 
vall. Divisional interest: Administra- 
tor, Educational; Technical Institute. 

Hopkins, Mamsextit H.., Jr., Assistant 
Professor of Electrical Engineering, 
Virginia Polytechnic Institute, Blacks- 
burg, Va. John P. Gordon, Harry H. 
Hall. Divisional interest: E. E.; Math. 
Leacu, James L., Associate Professor of 
Mechanical Engineering, University of 
Illinois, Urbana, Ill. J. W. Bayne, A. 
G. Friederich. Divisional interest: 
M. E. 


Loc, Cuas. A., Instructor in Drawing, 


Missouri School of Mines, Rolla, Mo. 
L. C. Christianson, C. M. Blevins. 
Divisional interest: 


C.E. 


Engr. Drawing; 
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MAYHEW, Donatp J., Instructor in Me- 
chanical Engineering, University of 
Utah, Salt Lake City, Utah. Ralph D. 
Baker, S. S. Kistler. Divisional in- 
terest: M. E. 

MERRITT, CHARLES H., Associate Profes- 
sor of Engineering, Arizona State Col- 
lege, Tempe, Ariz. George C. Beak- 
ley, Lee D. Thompson. 

MrikxoL, Epwarp P., Assistant Professor 
of Mechanical Engineering, University 
of Wisconsin, Madison, Wis. Phillip 
S. Myers, Otto A. Uyehara. Divi- 
sional interest: M. E. 

MITCHELL, CiypE E., Engineering In- 
structor and Counsellor, El Camino 
College, El Camino, Cal. W. J. De- 
Spain, W. Holmes Smith. Administra- 
tor, Educational. 

Munn, Harvey T., Instructor in Me- 
chanical Engineering, f 
Arizona, Tucson, Ariz. 
burg, F. E. Jordan. 
est: M. E.; C. E. 

MuRpDAvuGH, ALBERT C., Assistant Profes- 
sor of Mechanical Engineering, George 
Washington University, Washington, 
D. C. Paul A. Crafton, Llewellyn A. 
Rubin. Divisional interest: M. E. 

NicHots, JAMEs O., Instructor in Aero- 
nautical Engineering, University of 
Alabama, University, Ala. William K. 
Rey, Colgan H. Bryan. Divisional in- 
terest: Aeronautics & Aero E. 

OFFneER, Davin H.; Assistant Professor 
of Mechanical Engineering, University 
of Illinois, Urbana, Ill. J. W. Bayne, 
A. G. Friederich. Divisional interest: 
M. E.; Mechanics & Materials. 

PEREZ Corpero, Luis M., Instructor in 
General Engineering, University of 
Puerto Rico, Mayaguez, P. R. Flavio 
Acaron-Ortiz, Humberto Marti-Marini. 
Divisional interest: Gen. E. 

PLumMs, WILLIAM W., Assistant Professor 
of Industrial Engineering, Southern 
Methodist University, Dallas, Tex. 
John A. Savage, H. Charles Baker. 
Divisional interest: Indus. E.: 
Dwg. 

Puipps, CHartes M., Jr., Assistant in 
Mechanical Engineering, University of 
Illinois, Urbana, Ill. J. W. Bayne, A. 
G. Friederich. Divisional interest: 
M. E.; Indus. E. 


University ot 
M. L. Thorn- 
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Engr. 
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Scumipt, Howarp L., Assistant in Me- 
chanical Engineering, University of II- 
linois, Urbana, Ill. J. W. Bayne, C. 
Dale Greffe. Divisional interest: 
M. E.; Mechanics & Materials. 

ScHuBERT, Caru E., Associate Professor 
of Mechanical Engineering, University 
of Illinois, Urbana, Ill. David G. 
Ryan, J. W. Bayne. Divisional inter- 
est: M. E.; Shop & Mech. Arts. 

SencEeR, Ropert A., Assistant Professor 
of English, Rensselaer Polytechnic In- 
stitute, Troy, N. Y. S. P. Olmsted, 
F. Abbuhl. Divisional interest: Eng- 
lish; Humanistic-Social. 

TERRELL, PALMER, Instructor in Indus- 
trial Engineering, University of Ar- 
kansas, Fayetteville, Ark. J. L. Im- 
hoff, J. W. Wilkes. Divisional inter- 
est: Indus. E.; Engr. Economy. 

VickreEss, FRANK, Instructor in Civil En- 
gineering, Lehigh University, Bethle- 
hem, Pa. Edward Sword, George A. 
Dinsmore. Divisional interest: C. E. 

VON RosENBERG, DALE U., Assistant Pro- 
fessor of Chemical Engineering, Loui- 
siana State University, Baton Rouge, 
La. Jesse Coates, Bernard S. Press- 
burg. Divisional interest: Chem. E.; 
Mineral Tech. 

Watuace, Victor L., Instructor in Elec- 
trical Engineering, University of Mich- 
igan, Ann Arbor, Mich. J. G. Tar- 
boux, Raymond F. Mosher. Divisional 
interest: E. E.; Mathematics. 

Weaver, GreorcE C., Associate Professor 
in Mechanical Engineering, The 
George Washington University, Wash- 
ington, D. C. Ernest Frank, Paul A. 
Crafton. Divisional interest: M. E.; 
Indus. E. 

Wricut, Tuomas J., Assistant Professor 
of Electrical Engineering, Manhattan 
College, New York, N. Y. Brother A. 
Leo, Robert T. Weil, Jr. Divisional 
interest: E. E.; Indus. E. 

ZACHARIAH, GERALD L., Instructor in 
Agricultural Engineering, Kansas State 
College, Manhattan, Kan. Ralph I. 
Lipper, Gustave E. Fairbanks. Divi- 
sional interest: Agric. Engr. 
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Apamson, Ropert W., Head, Mechan. 
ical Engineering Department, Califor. 
nia State Polytechnic College, Sap 
Luis Obispo, Calif. R. Wallace Rey. 
olds, Leon F. Osteyee. M. E.; Ch, E 

AxnursT, Denys O., Assistant Professor 
of Electrical Engineering, Massachy. 
setts Institute of Technology, Cam. 
bridge 39, Mass. Ernst A. Guillemin, 
Thomas F. Jones, Jr. E. E. 

ALTAMURO, VINCENT M., Instructor jn 
Mechanical Engineering, Manhattan 
College, New York, N. Y. Vincent J. 
Vitagliano, Br. B. Austin Ban. 
M. E.; Ind. E. 

BEEHLER, C. Huserrt, Instructor in Ep- 
gineering, Detroit Institute of Tech- 
nology, Detroit, Mich. Earnest A, 
Lucitte, L. L. Henry. M. E.; Ind. E£. 

Bruno, LAWRENCE A., Instructor in Me- 
chanical Engineering, Michigan Col- 
lege of Mining and Technology, Sault 
Ste. Marie, Mich. Bessie N. Stough, 
Franklin F. Otis. M. E.; Shop & 
Mech. Arts. 

Casey, FRANK J., Instructor in Engineer. 
ing Drawing, University of Colorado 
Extension Division, Denver, Colo, C. 

L. Eckel, P. E. Bartlett. Engr. Dwg, 
Math. 

Coton, Ernesto F., Assistant Professor 
and Department Head of Industrial 
Engineering, University of Puerto 
Rico, Mayaguez, P. R._ F. Acaron- 
Ortiz, F. Gonzalez-Mandry. Ind. E. 

Coox, Roy H., Professor and Head of 
Mathematics and Physics, Pratt Insti- 


tute, Brooklyn 5, N. Y. George C. 
Helme, Robert E. Lake. Physics; 
Math. 


Cox, Junius G., Associate Professor of 
Mechanical Engineering, Alabama 
Polytechnic Institute, Auburn, Ala. 
Philip J. Potter, Tony C. Min. M. E; 
Math. 

CUNNINGHAM, WALTER J., Professor 0 
Electrical Engineering, Yale Univer 
sity, New Haven, Conn. James 6. 
Clarke, Herbert L. Krauss. E. B; 
Math. 

DaHLMAN, Marvin S., Assistant Profes- 
sor of Mechanical Engineering, Mich- 
igan College of Mining and Techndl 
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ogy, Sault Ste Marie, Mich. Harry L. 
Crawford, Franklin Otis. M. E.; Engr. 
Dwg. 

DenHAM, Puiuip R., Instructor in Engi- 
neering and Physics, Riverside City 
College, Riverside, Calif. Henry A. 
James, W. Leighton Collins. 

DimorF, Topor, Assistant Professor of 
Engineering Mechanics, Michigan Col- 
lege of Mining and Technology, 
Houghton, Mich. C.E. Work, Richard 
Bayer. 

Dusois, T. RANDALL, Lecturer in Ap- 
plied Science, Southern Illinois Uni- 
versity, Carbondale, Ill. Mark E. 
Klopp, E. L. Dunning. E. E.; M. E. 

ErcHorN, RoGER, Instructor in Mechan- 
ical Engineering, University of Min- 
nesota Minneapolis 14, Minn. W. A. 
Kleinhenz, R. C. Jordan. M. E.; E. E. 

EncLE, JoHN F., Assistant Professor of 
Electrical Engineering, Oregon State 
College, Corvallis, Ore. A.D. Hughes, 
H. J. Oorthuys. E. E. 


EncLuND, JAMEs S., Assistant Professor 
of Mechanical Engineering, State Col- 
lege of Washington, Pullman, Wash. 


Frank W. Brands, H. A. Sorensen. 
M. E.; Shop & Mech. Arts. 

FirzGERALD, DONALD F., Assistant Pro- 
fessor of Electrical Engineering, Mis- 
sissippi State College, State College, 
Miss. A. G. Holmes, C. Scott. E. E.; 
G. E. 

Fratow, Paun L., Assistant Professor of 
Industrial Engineering, New York Uni- 
versity, New York, N. Y. Norman N., 
Barish, David B. Porter. Ind. E 
Math. 

FowLkos, Cuartes W., Instructor in 
Mechanical Engineering, Missouri 
School of Mines and Metallurgy, Rolla, 
Mo. Gordon L. Scofield, C. R. Rem- 
ington. M. E.; Design. 

Gmoux, Vincent A., Assistant Professor 
of Engineering, Los Angeles State Col- 
lege, Los Angeles, Cal. Harold Storch, 
Leslie Cromwell. E. E.; Power. 

Grune, WERNER N., Associate Professor 
of Civil Engineering, Georgia Institute 
of Technology, Atlanta 13,Ga. Robert 
E. Stiemke, Radnor J. Paquette. C. E. 
(Sanitary); Ch. E. 

Hartnerr, James P., Associate Professor 
of Mechanical Engineering, Univer- 
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sity of Minnesota, Minneapolis 14, 
Minn. W. A. Kleinhenz, Thomas E. 
Murphy. M. E. 

Hitt, JoHn M., Assistant Professor of 
Civil Engineering, University of Wyo- 
ming, Laramie, Wyo. Raymond A. 
Morgan, Donald R. Lamb. C. E.; 
Physics. 

Hur.ey, CHEstTer N., Instructor in Basic 
Courses, Capitol Radio Engineering 
Institute, Washington, D. C. 
Paul Evans, Gene L. Sorensen. 
Inst.; E. E. 

[IsHERWOOD, JoHN D., Assistant Professor 
of Engineering, University of Califor- 
nia, Los Angeles, Los Angeles, Calif. 
Bonham Campbell, Albert F. Bush. 
C. E.; Mineral Tech. 

Javier, RAFAEL L., Instructor in General 
Engineering, College of Agriculture 
and Mechanic Arts, Mayaguez, P. R. 
F. Gonzalez-Mandry, H. Marti-Marini. 
C. E.; G. E. 

JoHNson, KENNETH R., Instructor in Me- 
chanical Engineering, University of 
New Mexico, Albuquerque, New Mex. 
Edward C. Rightley, Richard C. Dove. 
M. E. 

Kaui, Louts R., Instructor in Mechanical 
Engineering, Manhattan College, New 
York, N. Y. Vincent J. Vitagliano, 
William A. Brown. M. E.; Engr. 
Econ. 

KIELING, WILLIAM C., Instructor in Me- 
chanical Engineering, University of 
Washington, Seattle, Wash. Jay A. 
Higbee, B. T. McMinn. M. E.; 
Mechs. & Matls. 

LANE, WiLLIAM E., Head Professor of 
Industrial Management, Alabama Poly- 
technic Institute, Auburn, Ala. J. E. 
Hannum, Earl I. Brown II. Ind. E. 

LreexorF, Davin, Instructor in Industrial 
Technology, State Technical Institute, 
Hartford, Conn. Dale C. Robinson, 
Frank L. Juszli. Ind. E.; Mineral 
Tech. 

MANN, GeEorGE E., Assistant Professor of 
Engineering, Los Angeles State Col- 
lege, Los Angeles, Calif. Harold 
Storch, Leslie Cromwell. 

MARKEN, MARZALE L., Instructor in Me- 
chanical Engineering, Michigan Col- 
lege of Mining and Technology, Sault 
Ste. Marie, Mich. Harry L. Crawford, 


James 


Tech. 
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M. E.; Shop & Mech. 


Franklin Otis. 
Arts. 

Merritt, Josuua L., Jr., Research Asso- 
ciate in Civil Engineering, University 
of Illinois, Urbana, Ill. John W. 
Hutchinson, J. W. Briscoe. C. E. 

Murpny, JoHn W., Student in Industrial 
Engineering, University of Michigan, 
Ann Arbor, Mich. R. C. Wilson, W. 
Leighton Collins. Ind. E. 

Necuera, Jorce M., Assistant Professor 
in General Engineering, College of 
Agriculture and Mechanic Arts, Maya- 
guez, P. R. F. Acaron-Ortiz, F. Gon- 
zalez-Mandry. C. E.; Engr. Dwg. 

OELLERICH, Boyp B., Instructor in Me- 
chanical Engineering, University of 
Miami, Coral Gables 46, Fla. C. Ed- 
ward Anderson, John D. Gill. Mechs. 
& Materials; M. E. 

PaNIAN, GeorcE W., Manager of Tech- 
nical Recruiting, Monsanto Chemical 
Company, Texas City, Tex. B. H. 
Amstead, J. D. Lindsay. Admin., Ind. 

PLATTON, IrnvinG, Associate in Engineer- 
ing, University of California, Los 
Angeles, Cal. L. L. Grandi, J. W. 
McCutchan. M. E.; Engr. Dwg. 

Puyear, Donap E., Graduate Assistant 
in Chemical Engineering, Missouri 
School of Mines and Metallurgy, Rolla, 
Mo. Dudley Thompson, Frank H. 
Conrad. Ch. E. 

Reev, Marie F., Instructor in Electrical 
Engineering, Texas A. & M. College 
Station, Tex. W. P. Worley, R. P. 
Ward. E. E. 

REMILLARD, Victor P., Instructor in 
Engineering, Stockton College, Stock- 
ton, Cal. Herbert E. Welch, W. 
Leighton Collins. Tech. Inst,; Engr. 
Dwg. 

Rocers, Hucu F., Instructor in Engi- 
neering Drawing, Ohio University, 
Athens, Ohio. Neil D. Thomas, E. J. 
Taylor. Engr. Dwg.; Math. 

SEsHU, SUNDARAM, Assistant Professor of 
Electrical Engineering, Syracuse Uni- 
versity, Syracuse, N. Y. Eugene V. 
Kosso, W. R. LePage. E. E.; Math. 

STEWART, OrvaL C., Instructor in Me- 
chanical Engineering, West Virginia 
University, Morgantown, West Va. 
G. W. Weaver, R. D. Slonneger. 
Engr. Dwg.; M. E. 
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TALLMADGE, JOHN A., JR., Assistant Pro. 
fessor of Chemical Engineering, Yale 
University, New Haven, Conn. Charles 
A. Walker, R. W. Southworth. Ch, FE. 
Chem. : 

THOMAS, JOHN PETER, Instructor in Me. 
chanical Engineering, University of 
Washington, Seattle, Wash. Dale ¢ 
Fritz, James B. Morrison. M. EF, 

Tinniswoop, W. W., Chairman of Engi. 
neering Department, University of 
Hawaii, Honolulu, T. H. James B, T 
Downs, Don E. Avery. Admin. Educ.: 
C. E. 

VaucuNn, Ricuarp C., Assistant Professor 
of Industrial Engineering, University 
of Florida, Gainesville, Fla. E. 
Blekking, J. L. Burns. Ind. E.; Math, 


50 new members this list 


As of March 10, 1958 


Bur.Ley, WILLIAM M., Jr., Instructor in 
Mechanical Engineering, Kansas State 
College, Manhattan, Kan. Alley ¥. 
Duncan, R. E. Crank. M. E.; Aero. 
& Aero. E. 

Carew, STANLEY J., Dean of the Faculty 
of Applied Science, Memorial Univer- 
sity of Newfoundland, St. John’s, New- 
foundland, Canada. F. C. Lindvall, 
E. O. Turner. Admin. Educ.; G, E. 

CARGNINO, LAWRENCE T., Assistant Pro- 
fessor of Aeronautical Engineering, 
Purdue University, Lafayette, Ind. 
Paul E. Stanley, Wm. W. Briggs. 
Aero. & Aero. E.; Ind. E. 

DENISON, JOHN S., Associate Professor of 
Electrical Engineering, Agricultural 
and Mechanical College of Texas, Col- 
lege Station, Tex. H. C. Dillingham, 
Norman F. Rode. E. E. 

Duyets, MatrHew J., Professor of En- 
gineering Drawing, Newark College of 
Engineering, Newark, N. J. R. J. 
Burns Robt. Rights. Engr. Dwg. 

Emery, Wiuus L., Professor of Elec- 
trical Engineering, University of Il- 
linois, Urbana, Ill. M. H. Crothers, 
W. E. Miller. Engr. Dwg.; Physics. 

Ferris, Epwin A., Executive Assistant, 
Training Department, Combustion En- 
gineering, Inc., 200 Madison Ave, 
New York 16, N. Y. Clarence H. 
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Stephans, Otto de Lorenzi. Admin., 
Ind.; Coord. of Coop. Engr. 

Hauijak, CHARLES A., Associate Profes- 
sor of Electrical Engineering, Kansas 
State College, Manhattan, Kan. M. 
A. Durland, W. Leighton Collins. 
E. E. 

HatpMaRK, GLEN D., Professor and 
Head of Electrical Enginering, Agri- 
cultural and Mechanical College of 
Texas, College Station, Tex. H. C. 
Dillingham, Norman F. Rode. E. E. 

IncaLLs, RopertT D., Assistant Professor 
of Mechanical Engineering, Alabama 
Polytechnic Institute, Auburn, Ala. J. 
Gardner Bennett, J. E. Hannum. 

Jackson, JoHN S., Jr., Assistant Profes- 
sor of Electrical Engineering, Univer- 
sity of Kentucky, Lexington, Ky. H. 
Alex Romanowitz, H. J. Daily. E. E.; 
Physics. 

lewELL, Ropert M., Instructor in Cap- 

 jtal Radio Engineering Institute, 
Washington, D. C. James Paul Evans, 
Lattie M. Upchurch, Jr. Math.; Tech. 
Inst. 

lumia, Sakari T., Instructor in Elec- 
trical Engineering, Syracuse Univer- 
sity, Syracuse, N. Y. W. R. LePage, 
N. Balabanian. E. E.; Physics. 

KarstTEN, Henry, Instructor in Engi- 
neering Drawing, Newark College of 
Engineering, Newark, N. J. Frank J. 
Burns, Robert Widdop. Engr. Dwg. 

LANDGREBE, Davin A., Instructor in Elec- 
trical Engineering, Purdue University, 
Lafayette, Ind. Andrew P. Sage, Jr., 
Fritz J. Friedlaender. E. E.; Math. 

Law, KenNetu J., Assistant Professor of 
Electrical Engineering, Wayne State 
University, Detroit, Mich. Edward 
Szymanski, Michael B. Scherba. E. E. 

Luoyp, RicHarp H., Assistant Professor 
of Metallurgical Engineering, Univer- 
sity of Washington, Seattle 5, Wash. 
Drury A. Pifer, James I. Mueller. 
Mineral Tech.; Chem. Engr. 

Lyxoupis, Paun S., Assistant Professor of 
Aeronautical Engineering, Purdue Uni- 
versity, Lafayette, Ind. Paul E. Stan- 
ley, Wm. W. Briggs. Aero. & Aero. E. 

Lyycu, Hercuet E., Instructor in Civil 
Engineering, Agricultural and Me- 
chanical College of Texas, College 
Station, Tex. W. H. Nedderman, 
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Robert M. Holcomb. 
Mat'ls. 

Mappox, Rospert N., Associate Professor 
of Chemical Engineering, Oklahoma 


C. E.; Mech. & 


State University, Stillwater, Okla. 
Rollo E. Venn, Leonard Sheerar. 
Ch: E. 


Majer, FRANK, Jr., Assistant Professor 
of Drafting, The City College of New 
York, N. Y. Frank A. Rappolt, Paul 
Hartman. 

Mater, Georce J., Assistant Professor of 
Electrical Engineering, University of 
Colorado, Boulder, Colo. Robert J. 
Williams, Herbert E. Johnson. E. E.: 
Math. 

Mason, JaMes I., Director of Gaston 
Technical Institute, a Division of 
North Carolina Stats College School 
of Engineering, Gastonia, N. Car. 
Thos. J. Rung, Wm. H. Moore. Tech. 
Inst. 

MERRILL, HAROLD S. Jr., Assistant In- 
structor in Electrical Engineering, 
Marquette University, Milwaukee 3, 
Wis. James D. Horgan, A. Bernard 
Drought. E. E.; Math. 

Merz, Cuarves J., Jr., Instructor in 
Mechanical Engineering, Fairleigh 
Dickinson University, Rutherford, N. J. 
Gordon M. Goudey, Clair W. Black. 
M. E.; Mech. & Mat’ls. 

Mixes, Hersert L., Instructor in Elec- 
trical Engineering, Wayne State Uni- 
versity, Detroit, Mich. Edward Szy- 
manski, Michael B. Scherba. E. E. 

Morris, CHar.es D., Employment Man- 
ager, Personnel Department, Continen- 
tal Motors Corporation, Detroit, Mich. 
Edward H. Lyons, Reynold F. Robic- 
haud. Admin. Ind.; Psych. 

NELSON, GeorGE A., Assistant Professor 
of General Engineering, University of 
Washington, Seattle, Wash. Robert 
W. Seabloom, Daniel E. Alexander. 
G. E.; C. E. 

OETTING, Ropert B., Instructor in Me- 
chanical Engineering, Missouri School 
of Mines, Rolla, Mo. Lloyd C. Laciny, 
C. R. Remington, Jr. M. E.; Aero. & 
Aero. E. 

OcsBorn, LAWRENCE L., Instructor in 
Electrical Engineering, Purdue Uni- 
versity, Lafayette, Ind. Andrew P. 
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Sage, Jr., Fritz J. Friedlaender. E. E.; 
Math. 

PARMER, JEROME F., Instructor in Me- 
chanical Engineering, West Virginia 


University, Morgantown, West Va. 
James F. Hamilton, George W. 
Weaver. M. E.; Engr. Dwg. 


PoLk, CHARLES, Member of the Tech- 
nical Staff, RCA Laboratories, David 
Sarnoff Research Center, Princeton, 
N. J., and Lecturer in Electrical En- 
gineering, Graduate Division, Drexel 
Institute of Technology, Philadelphia, 
Pa. Richard F. Schwartz, Howard E. 
Tompkins. E. E.; Physics. 

Potonis, Doucias H., Assistant Profes- 
sor of Metallurgical Engineering, Uni- 
versity of Washington, Seattle 5, 
Wash. Drury A. Pifer, Robert J. 
Campbell, Jr. 

Reyes-GuerrA, Davin R., Instructor in 
General Engineering, University of Il- 
linois, Urbana, Ill. E. D. Ebert, 
Stanley G. Hall. Engr. Dwg.; C. E. 

Riccio, Rosert A., Assistant Professor 
of Humanities, Departmental Chair- 
man, College of Agriculture and Me- 
chanic Arts, University of Puerto Rico, 
Mayaguez, P. R. F. Gonzalez-Man- 
dry, F. Acaron-Ortiz. Humanistic- 
Social; English. 

Roserce, Denis, Instructor in Engi- 
neering Drawing, College Militaire 
Royal de St. Jean, St. John, Quebec, 
Canada. EE. Robichaud, Ernest R. 
Weidhaas. Engr. Dwg.; Shop & 
Mech. Arts. 

Rocers, CuHarues C., Instructor in Elec- 
trical Engineering, Purdue University, 
Lafayette, Ind. Andrew P. Sage, Jr., 
Fritz J. Friedlaender. E. E.; Math. 

SANFORD, FRANK E., Consulting Engi- 
neer, Commonwealth Associates, Inc., 
Jackson, Mich. H. W. Hartzell, J. H. 
Foote. Admin. Ind.; E. E. 

SmitH, Rosert L., Jn., Assistant Profes- 
sor of Electrical Enginering, Texas 
Agricultural and Mechanical College, 
College Station, Tex. H. C. Dilling- 
ham, Norman F. Rode. E. E.; Math. 

SNYDER, JULIAN, Instructor in Civil En- 
gineering, Illinois Institute of Tech- 
nology, Chicago, Ill. E. J. Fiesen- 

heiser, Eben Vey. C. E.; G. E. 
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STREETER, Harrison, Instructor in Gen. 
eral Engineering, University of Illinois 
Urbana, Ill. E. D. Ebert, Stanley C. 
Hall. Hum.-Soc.; M. E. i 

TayLor, ARTHUR C., Jr., Associate Pro. 
fessor of Mechanics and Drawing 
Virginia Military Institute, Lexington, 
Va. J. S. Jamison, Jr., J. L. Martin, 
Mech. & Mat’ls.; M. E. 

TELFER, JouN D., Professor of Engineer. 
ing and Head of Department, Abadan 
Institute of Technology, Abadan, 
South Iran. R. G. Crosen, W, A. 
Groves. C. E.; Engr. Dwg. 

THAYER, JOHN R., Instructor in Mechan- 
ical Engineering, University of Colo- 
rado, Boulder, Colo. Robert J. Wil. 
liams, Herbert E. Johnson. M. E, 

Tirus, Harotp A., Jr., Instructor in 
Civil Engineering, Montana State Col- 
lege, Bozeman, Mont. Geo. J. Her- 
man, Bruce J. Muga. 

ToBEN, BERNARD E., Assistant to the 
Manager of Engineering, Electric 
Typewriter Division, International 
Business Machines Corporation, Noth- 
ern Belt Line Highway, Lexington, Ky, 
Merl Baker, Sam C. Hite. Admin. 
Ind.; M. E. 

Warp, STANLEY H., Chemical Engineer, 
Development and Research Depart 
ment, The International Nickel Com- 
pany of Canada, Ltd., St. Catharines, 
Ontario, Canada. Forrest E. Allen, 
W. A. Mudge. Admin. Ind.; Ch. E. 

WITHYCOMBE, RICHARD P., Instructor in 
Industrial Engineering, Oregon State 
College, Corvallis, Ore. Bernard E. 
Smith, William Engesser. Ind. E; 
Engr. Dwg. 

Wnricut, JouHn G. Associate Professor of 
Mechanical Engineering, Wayne State 
University, Detroit, Mich. Donald L. 
Perkins, R. M. Jamison. M. E,; G.E. 

YARBROUGH, LAVERN A., Assistant Pro- 
fessor of Electrical Engineering, United 
States Air Force Academy, Denver, 
Colo. James V. G. Wilson, Robert 
G. Valepy. E. E.; Physics. 

50 new members this list 
651 new members previously published 


150 added this issue 


801 new members this fiscal year 








— i ce 6 ee he 





TEACHING POSITIONS AVAILABLE 


CIVIL ENGINEERING OR MECHAN- 
ics-Associate and Assistant Professors 
and Instructors needed. M.S. degree 
desirable but instructors working toward 
advanced degrees considered. Salaries 
for nine months academic year, paid in 
ten installments, based upon experience 
and education. Start September, 1958. 
Applications for a position as Instructor 
in Engineering Drawing, Descriptive 
Geometry, and Surveying will also be 
considered. Write Earl D. Dake, South 
Dakota School of Mines and Technology, 
Rapid City. 


ELECTRICAL ENGINEERING SEPT. 
1958. Instructor or Assistant Professor. 
One qualified and interested in teaching 
fundamental undergraduate courses plus 
one graduate course. Ph.D. or M.S. re- 
quired with salary dependent on qualifi- 
cations. City location with many indus- 
trial contacts. Apply Department of 
Electrical Engineering, St. Louis Univer- 
sity, St. Louis 8, Missouri. 


MECHANICAL ENGINEERING FAC- 
ulty needed for courses in thermodynam- 
ics, heat transfer, fluid mechanics, and 
laboratories. Also electrical engineering 
faculty needed qualified in power engi- 
neering, basically in the field of circuits. 
Someone in electronics could be used. 
Persons should have teaching and indus- 
trial experience. Salary and rank de- 
pendent upon degree and experience. 
Positions now open. Apply to Dr. Hil- 
dred B. Jones, Dean of University, Ohio 
Northern University, Ada, Ohio. 


ENGINEERING FACULTY OPPOR- 


tunities at midsoutheastern college. 
Openings available in all departments. 
M.S. or Ph.D. preferred. Salary com- 
mensurate with training and experience. 
Appointment at the beginning of any 
quarter except summer. Apply: School 
of Engineering, Tennessee Polytechnic 
Institute, Cookeville, Tennessee. 


ELECTRICAL ENGINEERING OPEN- 
ings for September, 1958. Modern cur- 
riculum, expanding department. Reason- 
able teaching load. Rank and salary de- 
pendent upon training and experience. 
Write John B. Clothier, Jr., Acting Head 
of Electrical Engineering Dept., Villanova 
University, Villanova, Penna. 


INDUSTRIAL ENGINEERING OPEN- 
ings Instructor—B.S. degree in I.E. or 
I.E. option in mechanical engineering 
plus three years I.E. experience. Grad- 
uate Study, research and summer em- 
ployment opportunities. Assistant Pro- 
fessor—M.S. or Ph.D. degree plus indus- 
trial and teaching experience. Research 
and summer employment opportunities. 
Professor—Ph.D. degree plus industrial 
and teaching experience. Research and 
summer program opportunities permit 
12 months employment. Salaries com- 
mensurate with education and experi- 
ence. Department of Industrial Engi- 
neering, Syracuse University, Syracuse 


10, New York. 


INDUSTRIAL ENGINEERING VA- 
cancy to begin September 15. Rank 
and salary dependent upon qualifications. 
Write to C. H. Shumaker, Chairman of 
Department, Southern Methodist Uni- 
versity, Dallas, Texas. 


HIGHWAY ENGINEERING SPE- 
cialist to teach highway and transporta- 
tion engineering courses with opportu- 
nity to engage in highways research 
work. Taking charge of surveying 
courses is also a possibility, although not 
a requisite. Development of Highway 
Engineering Laboratory as part of Fritz 
Engineering Laboratory is contemplated 
and would be part of the challenge this 
position affords. Write Department Head 
and Director, Fritz Engineering Labora- 
tory, Lehigh University, Bethlehem, Penn. 


(Continued on page 788) 
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Department of Health, Education, and Welfare. The authors wish to | 
acknowledge their indebtedness to Dr. Walter Crosby Eells, who ! 
co-authored with them the more inclusive study from which the data t 
used in this report are drawn. The two basic tables of this report \ 
were prepared by Diane Gertler, Supervisory Statistician, under the t 
general direction of Sidney J. Armore, Chief, Statistical Services Section 
of the Office of Education. Their services are gratefully acknowledged a 
by the authors. \ 
The term “ECPD-Listed Institutions” is used in this report to r 
designate institutions in which at least one curriculum is accredited by ¢ 
the Engineers’ Council for Professional Development (ECPD), the t 
nationally recognized accrediting agency for engineering schools and ' 
technical institutes. IECPD accredits only individual curricula. These a 
are referred to as “ECPD-Accredited Curricula.” 
m 
Introduction in all of these various types of institu- al 
oi sd , ions. ; srhans j ae he 
lhe critical current and prospective "0S: and - rhaps act others. 
manpower needs of the Nation in Detailed information on_ enroll Dr 
various semi-professional fields have ments and graduates of four-year un- 
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placed increasing emphasis on the im- dergi ne ye — ey and of grad- 7 
portance of the preparation of young uate and professiona curricula in the 
maces dahil. sieanaes. tne Manne ane. United States has been collected and ms 
Much of this preparation can most published for many years by the U. S. ° 
effectively be done in programs of Office of Education. But little infor- ‘< 
college level, but of shorter duration mation of a comparable nature with Is 
than the traditional curricula leading @SPect to technical institute type cur- s 
to the baccalaureate degree ricula has been published. In view 0 
This need has been met, in part, by of the wide distribution of these pro- anc 
~ > > ° ° ’ 
the organization of separate institu- grams, and of their importance in the 
tions basically two years in length helping to meet national manpower 0 
x, ac » > c > f a . “Ss 2 = P m i 
such as junior colleges, community shortages, it is evident that growing 7 
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colleges, and technical institutes. In importance press Pas on 
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some cases, also, curricula of less than ‘!V© pages designed to i : f 
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by four-year institutions. It seems ree ing" AR ag level of American cau 
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likely that in the future increasing at- ae dapealiniin ucation. A “ 
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1 The more inclusive study is reported in this general area of higher education, mae 
United States Office of Education Circular ‘ n: 
No. 512, Organized Occupational Curric- often referred to as terminal or sem dp. 
professional curricula. Most of these 1955, 
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studies, however, have included only 
particular segments of the field of 
higher education, and have not cov- 
ered all types of higher educational 
institutions. A number of studies 
were made by the American Associa- 
tion of Junior Colleges prior to 1949, 
but their data revealed weaknesses 
as to types of colleges covered or 
completeness of detail. A study by 
the Office of Education in 1953-54 2 
gave data on graduations from some 
form of educational program below 
the baccalaureate level in 452 four- 
year colleges, 369 junior colleges, 23 
technical institutes, 22 normal schools, 
and 12 other two-year institutions. 
Numerous other studies have shown 
rapid growth in such programs in re- 
cent years, but none has given de- 
tailed data on enrollments and grad- 
uations. 

For technical institutes, brief sum- 
maries of institutions and full-time 
and part-time enrollments in them 
have been given in annual surveys 
prepared by Leo F. Smith of Rochester 
Institute of Technology, and pub- 
lished in Technical Education News. 
These reports include a number of 
institutions which are not included in 
the Office of Education Directory, 
Part 3, Higher Education. The same 
is true of a series of studies conducted 
under the auspices of the American 
Society for Engineering Education 
and directed by Donald C. Metz of 
the University of Dayton. 


Origin and Development 
of This Survey 


In the light of the situation outlined 
in the preceding paragraphs, and be- 
cause of the success of joint surveys 


*Alice Yeoman Scates, Programs Below 
the Bachelor's Degree Level in Institutions 
of Higher Education, 1953-54. Washing- 
ton: Government Printing Office, 1955. 50 
pp. (U. S. Office of Education Bulletin, 
1955, No. 9.) 
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of engineering enrollments and de- 
grees by the two organizations, the 
U. S. Office of Education (USOE), 
and the American Society for Engi- 
neering Education (ASEE), decided 
to undertake jointly the collection of 
statistics on enrollments and gradua- 
tions, and related data on technical- 
institute type education, in recog- 
nized higher educational institutions 
in the United States. It was agreed 
that the United States Office of Edu- 
cation would publish data on all recog- 
nized institutions, while the American 
Society for Engineering Education 
would publish detailed information 
covering institutions in which at least 
one curriculum is accredited by the 
Engineers Council for Professional 
Development (ECPD). For brevity 
these institutions are in this report re- 
ferred to as “ECPD-Listed Institu- 
tions,” and the curricula are referred 
to as “ECPD-Accredited Curricula.” 

At about the same time the Na- 
tional Committee for the Develop- 
ment of Scientists and Engineers, now 
the President’s Committee on Scien- 
tists and Engineers, asked the Office 
of Education to assemble information 
on curricula of less than four years’ 
duration which prepare students for 
subprofessional positions in the fields 
of science and engineering. 

Full consideration of this and other 
requests, and of related factors, caused 
the Office of Education to decide that 
such a survey ought to be made an- 
nually, and for completeness should 
be broadened in scope to include all 
types of organized occupational cur- 
ricula of less than baccalaureate level, 
rather than being limited to those 
commonly thought of as the technical- 
institute type. 

Definition of Field Covered. The 
field covered by the joint survey has 
been referred to in the previous stud- 
ies mentioned above as “terminal” or 
“semi-professional” education. It has 
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also been called “terminal-vocational 
education,” “occupational education 
of college grade,” and other names, 
none of which has been entirely sat- 
isfactory. 

For the survey upon which this re- 
port is based, therefore, the term “or- 
ganized occupational curriculum” was 
adopted. This term was defined in 
the questionnaire which was circu- 
lated to all recognized institutions of 
higher education, as follows: 


“Criteria. For purposes of this survey, 
an organized occupational curriculum is 
one which meets all four of the following 
criteria: 


“a. High-school graduation (or equiv- 
alent, including maturity) is required for 
admission to the curriculum. 

“b. The curriculum is designed to 
prepare students for immediate employ- 
ment in an occupation or cluster of oc- 
cupations, rather than for further, ad- 
vanced study leading to a bachelor’s or 
higher degree. 

“c. Completion of the curriculum re- 
quires at least one but less than four 
years of full-time (or equivalent) at- 
tendance. A ‘year’ means an academic 
year of approximately nine months. 

“d. The curriculum leads to a certif- 
icate, diploma, associate degree, or other 
formal award, signifying that the student 
has completed an organized curriculum 
in an occupational area.” 


Each of these four factors is impor- 
tant. Some curricula which were re- 
ported by institutions have been elim- 
inated before summarization of the 
data because one or more of the four 
criteria were not satisfied, especially 
the fourth. 

The term “technician” used in the 
engineering-related fields was defined 
(to parallel to the definition adopted 
by the National Committee for the 
Development of Scientists and Engi- 
neers, now the President's Committee 
on Scientists and Engineers) as fol- 
lows: 
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“The engineering or scientific technj- 
cian is usually employed in (1) research 
design, or development; (2) production, 
operation, or control; (3) installation, 
maintenance, or sales. When serving in 
the first of these functional categories, he 
usually acts as direct supporting person. 
nel to an engineer or scientist, When 
employed in the second category, he usu. 
ally follows a course prescribed by a s¢j. 
entist or engineer but may not work 
closely under his direction. When ac. 
tive in the third category, he is fre. 
quently performing a task that would 
otherwise have to be done by an ep. 
gineer. 

“In executing his function the scientific 
or engineering technician is required to 
use a high degree of rational thinking, 
and to employ post-secondary school 
mathematics and the principles of phys- 
ical and natural science. He thereby 
assumes the more routine engineering 
functions necessary in the growing tech- 
nologically based economy. He must 
effectively communicate scientific or en- 
gineering ideas mathematically, graph- 
ically, and linguistically.” 


This definition should serve to dis- 
tinguish technicians from artisans, 
craftsmen, and skilled operators. 

Information Sought by (Question- 
naire. The questionnaire, addressed 
to the registrar of the institution, 
states in the opening paragraph: 


“This is the first in a series of annual 
surveys of organized occupational cur 
riculums of at least one but less than four 
years in institutions of higher education. 
Statistics on such curriculums will be 
valuable not only to institutions offering 
such curriculums, but also to a number 
of groups and official bodies, including 
the President’s Committee on Education 
Beyond the High School and the Ne 
tional Committee for the Development 
of Scientists and Engineers.” 


The questionaire listed 35 engineer: 
ing-related curricula and 39 non-engi- 
neering-related curricula, first of “two 
or more but less than four years” and 
second of “less than two years but t 
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least one year,” and provided spaces 
for writing in additional curricula if 
needed. For each curriculum the in- 
sttiution was asked to report: 


1. Number of graduates July 1, 1955 
to June 30, 1956, separately for men and 
for women. 

2. Type of award—associate’s degree, 
certificate, diploma, or other—given to 
graduates. 
~ 8, Enrollment on or near October 1, 
1956, for first-time students, separately 
for full-time and for part-time students, 
but not with differentiation by sex. 

4, Total enrollment on or near October 
1, 1956, separately for full-time and for 
part-time students, but not with differen- 
tiation by sex. 


Coverage of This Report. The 
present report summarizes for the 
ECPD-listed institutions the principal 
findings of this initial effort to gather 
and distribute significant information 
in this increasingly important field of 
higher education. Detailed informa- 
tion on all institutions which returned 
completed questionnaires appears in 
United States Office of Education Cir- 
cular No, 512, “Organized Occupa- 
tional Curriculums: Enrollments and 
Graduates, 1956.” 

Suggestions for improvements in or- 
ganization, or of additional data to be 
included in the questionnaire form on 
which the survey is based, or in the 
present type of report, will be wel- 
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come. With improvements based on 
such suggestions and on experience 
with this first collection of data, it is 
planned to make this report a regular 
annual part of the service by the Of- 
fice of Education to the educational 
profession. 


Analysis of Questionnaire Returns 


In order to insure complete cov- 
erage of recognized institutions of 
higher education, the Office of Educa- 
tion sent copies of the six-page ques- 
tionnaire to the 1886 institutions listed 
in the Office of Education Directory— 
1956-57, Part 3, Higher Education. 
The institutions were asked to return 
the questionnaire whether or not they 
had any curricula meeting the defini- 
tions of organized occupational courses 
as previously quoted, which were con- 
tained in the questionnaire. In case 
they had none, they were asked to in- 
dicate that fact by checking in a 
space provided for that purpose. 

A second request was sent a month 
later to all institutions which had not 
replied by that date. Approximately 
a month after this second request a 
third one was sent to about 100 junior 
colleges which had not replied. The 
summary of replies is shown in Table I. 

Of the 78 four-year institutions 
which did not return questionnaires, 
25 were specialized schools of theol- 
ogy, music, art, or law, with average 


TABLE I 


SUMMARY OF QUESTIONNAIRE RETURNS: STUDY OF ORGANIZED OCCUPATIONAL CURRICULA 


Number of questionnaires sent out, March 6, 


1957 ae a earns 
Number returned by September 3, 1957. 
Percentage returned 
Number not returned . “a aa 
Number with data on organized occupational | 
curricula . . Mie 
Percentage with data on organized occupational | 
curricula 


4-VYear 
Institutions 


1,886 
1,753 
92.9% 


133 
660 


35.0% 
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enrollments of about 230 students. 
Thirty-five other institutions, mostly 
smaller liberal arts colleges, had en- 
rollments of fewer than 1,000 students 
each, averaging about 500. Probably 
few, if any, of these institutions had 
any organized occupational curricula. 
The other 18, with over 1,000 students 
each, included eight which were des- 
ignated as universities. Some, but not 
many, of these are believed to have 
organized occupational curricula. On 
the whole, the coverage may be con- 
sidered very satisfactory for the four- 
year institutions. 

The situation is somewhat different, 
however, for the 55 two-year institu- 
tions, principally junior colleges, 


which did not return questionnaires. 
At least 46 of these are reported in 
the latest edition of the reference vol- 
ume, American Junior Colleges, as of- 
fering a variety of “terminal or semi- 
professional curriculums” in 1954-55, 
and at least five more, not listed in 


that volume, are known to be offering 
such curricula at present. If com- 
plete returns had been received from 
the two-year institutions, the percent- 
age of organized occupational cur- 
ricula would be approximately 70 per 
cent instead of 59.4 per cent as shown 
in Table I. 

Thus it appears that more than one- 
fourth of the four-year institutions and 
more than two-thirds of the two-year 
institutions in the United States and 
outlying parts offer some type of or- 
ganized occupational curricula of less 
than baccalaureate level. They are 
found in all the States except Nevada, 
and in the District of Columbia, the 
Canal Zone, Guam, and Puerto Rico. 

Data Compared on Engineering- 
Related and Non-Engineering-Related 
Curricula. The preceding discussion 
indicates the large number of institu- 
tions of higher education which are 
conducting organized occupational 
curricula. The report is included in 
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this article to give a measure of the 
importance of this overall program jn 
the general system of higher educa. 
tion. 

Tables II and III contain sym. 
maries of graduates (by sex) and of 
total and first-time enrollments (full- 
time and part-time) for the 660 insti. 
tutions which supplied data on o. 
ganized occupational curricula, and 
show the relationships between the 
engineering-related and the non-engi. 
neering-related curricula. A word of 
explanation may be in order in cop. 
nection with the numbers of schools 
shown in these tables. Forty institu. 
tions reported only engineering-re- 
lated curricula, 458 reported only 
non-engineering-related curricula, 162 
institutions reported both types of cur- 
ricula, and hence are included under 
both. 

Table II shows the relationships 
between the numbers of graduates 
from engineering-related curricula 
and those from non-engineering-re- 
lated curricula. As might be antic. 
ipated, the graduates from engineer- 
ing-related curricula are almost ex- 
clusively men (99.3 per cent). On 
the other hand, men constitute only 
37.4 per cent of the graduates in the 
non-engineering-related curricula, and 
57.7 per cent of the total graduates in 
all the reported curricula. 

The total number of graduates in 
the engineering-related curricula is 
31.6 per cent of the number of grad- 
uates from all curricula which is one 
per cent larger than the correspond- 
ing ratio among institutions, but this 
31.6 per cent of total graduates it- 
cludes 54.5 per cent of all men grad: 
uates and only 0.5 per cent of the 
women graduates. 

Table III shows the relationships 
between the engineering-related and 
the non-engineering-related curricula 
in terms of enrollments. Unfortu 
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TABLE II 
GRADUATES, BY SEX, FROM ENGINEERING-RELATED AND 
NoON-ENGINEERING-RELATED CURRICULA 
Grad es 
Type of Curriculum Pe : - 

Total Men Women 
Engineering Related 202 11,742 11,662 80 
Non-Engineering Related 620 25,354 9,736 15,618 
All Curricula 660* | 37,096 21,398 15.698 
Engineering-Related as Per Cent of Total 30.6% 31.6% 54.5% 0.5% 





nately the data do not permit the 
breakdown of the enrollment figures 
by sex, but do show the breakdown 
between full-time and part-time as 
indicated. 

From the manpower standpoint, it 
is encouraging to note that both total 
and first-time enrollment of full-time 
students is considerably larger than 
that of part-time students, both in the 
engineering-related and the non-engi- 
neering-related curricula. The per- 
centages of full-time to total are 56% 
for engineering-related, 71% for non- 
engineering-related, and 65% for all 
occupational curricula. 

In the case of first-time students 
the percentages are: engineering-re- 
lated, 59 non-engineering-related, 
74%; and total, 68%. These figures 
are encouraging from the manpower 
standpoint because the full-time stu- 


* 162 schools offer both engineering and non-engineering-related curricula 


dents represent prospective additions 
to the labor force who will be trained 
as technicians in the various fields, 
whereas the majority of part-time stu- 
dents are persons already employed in 
various industries who have enrolled 
in organized occupational curricula to 
increase their skills or qualify them- 
selves for upgrading to higher posi- 
tions. 

The enrollment in engineering-re- 
lated curricula as a percentage of 
the total in occupational curricula is 
shown in the last line of Table III. 
The full-time enrollment is a slightly 
larger percentage of the totals than 
the engineering graduates are of total 
graduates, and the part-time enroll- 
ment in engineering is practically half 
of the total, a much larger percentage 
than for either the graduates or the 
enrollments. 


TABLE III 


ENROLLMENTS, TOTAL AND First-Time, BY FuLt-TiMe AND PART-TIME, IN ENGINEERING 
RELATED AND NON-ENGINEERING-RELATED CURRICULA 





on - No. of 

Type of Curriculum Schools 
| 

Engineering Related 202 

Non-Engineering Related 620 
All Curricula 660* 

Engineering-Related as Per Cent of 

Total | 30.6% 


| 


. . . . . . 
162 schools offer both engineering and non-engineering curricula. 





Total Enrollment ist Time | llment 
Full-Time Part-Time Full-Time Part-Time 
32,498 25,124 15,491 10.646 
61,361 | 25,529 29,742 10,329 
93,859 | 50,653 $5,233 20,975 
34.7% | 49.7% | 34.2%, 50.8% 

} 
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Engineerring-Related Curricula 


As indicated in Tables II and III 
above, 202 of the 660 responding in- 
stitutions are conducting engineering- 
related curricula. Of this number 62 
are four-year institutions and 140 are 
two-year institutions. These institu- 
tions are found in 40 States, the Dis- 
trict of Columbia, and Puerto Rico. 

Of the 62 four-year institutions 33, 
or about 53 per cent, are publicly sup- 
ported, the remainder being privately 
supported. Of the 140 two-year insti- 
tutions, 115, or about 82 per cent, are 
publicly supported. Of the total of 
202 institutions reporting engineering- 
related curricula, 148, or about 73 per 
cent, are publicly supported. 


Data on ECPD-Listed and 
Other Institutions Compared 


Basic Table 1 which accompanies 
this report contains data on total grad- 
uates and enrollments for each of the 
31 institutions in which at least one 
curriculum is accredited by the Engi- 
neers’ Council for Professional De- 
velopment, and a single line of lump- 
sum totals for the 171 institutions 
which conduct engineering-related 
curricula which are not so accredited. 

Table IV below is a brief summary 
of the part of Basic Table I dealing 
with graduations. It shows the rela- 
tionships (among the engineering-re- 
lated curricula) between the institu- 
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tions conducting ECPD-accredited 
curricula, and those which have no 
curricula so accredited. 

It is probably significant that the 
ECPD.-listed institutions, which cop. 
stitute only 15.3 per cent of the total 
number of institutions conducting 
engineering-related curriculums, e- 
ported 48.3 per cent of all graduates 
from this type of curriculum (47.3% 
of the men and 21.3% of the women), 
The average number of graduates per 
institution is 183 for the ECPD-listed 
institutions, and 36 for those not s09 
listed. 

Table V below is a brief summary 
of the part of Basic Table I dealing 
with enrollments. It shows the rela- 
tionships (among the engineering-re- 
lated curricula) between the two 
groups of institutions as to enroll- 
ments. The ratio of full-time enroll- 
ments in the ECPD-listed institutions 
to the total full-time enrollment in all 
institutions is approximately the same 
as the ratio of graduates shown in 
Table IV, but for part-time enroll- 
ments the ratio is the same as the 
ratio of the number of ECPD-listed 
institutions to total institutions. 

The total full-time enrollment for 
the ECPD-listed institutions averages 
490 per school, while for the other in- 
stitutions the figure is 101 per school. 
In total part-time enrollment, how- 
ever, the two groups are equal, with 


TABLE IV 


GRADUATES, BY SEX, FROM ENGINEERING-RELATED CURRICULA IN 
ECPD-ListED AND OTHER INSTITUTIONS 





No. of 


Institution Schools 





Total Men 





ECPD-Listed 31 
Other 171 
Total 202 





5,639 
6,023 
11,662 


5,656 
6,086 
11,742 





ECPD-Listed as Per Cent of Total | 15.3% 








48.3% | 47.3% 





May, 1958 ENROLLMENTS AND GRADUATIONS: 1956 


TABLE V 


ENROLLMENTS, TOTAL AND First-Tme, BY FuLi-Time AND PART-TIME, IN ENGINEERING- 
RELATED CURRICULA IN ECPD-LIisTED AND OTHER INSTITUTIONS 


| Total Enrollment 
No. of 


Schools 


ist Time Enrollmen 
Institution 


*ull-Time Part-Time Full-Time 
ECPD-Listed 31 55; 186 3,839 5,608 977 
Other 171 17,312 yi P ,28: 9 883 9,669 


15,491 


32,498 


Total 202 


ECPD-Listed as Per Cent of 
Total 


an average of 124 per school for each 
group. Evidently the ECPD-listed 
institutions attract a far greater pro- 
portion of full-time students than do 
the non-listed institutions, but in the 
case of part-time students the two 
groups are rendering equal service. 

The figures for first-time enroll- 
ments appear to indicate that the non- 
listed institutions have attracted a 
larger percentage of the total first- 
time students in engineering-related 
curricula during the fall of 1956 than 
they had previously attracted. It is 
dificult to be definite about this, 
since comparable figures for 1955 are 
not available. This relationship will 
be watched with much interest in fu- 
ture studies. 

Data on ECPD-Accredited and 
Other Curricula Compared. Basic 
Table 2 which accompanies this re- 
port contains data on graduates and 
enrollments in each curriculum ac- 
credited by the ECPD. Under each 
such curriculum appears the data for 
each institution which is accredited 
in this particular curriculum, with a 
lump-sum total for all other institu- 
tions which offer this curriculum. 

Since ECPD accredits individual 
cuticulums rather than institutions, 
the total figures for the ECPD-ac- 
credited curricula in this table do not 


10,646 


agree with the totals in Basic Table 1, 
which presents data covering all en- 
gineering-related curriculums in an 
institution which has any curriculum 
accredited. Thus many institutions 
have some accredited curriculums and 
some non-accredited. Basic Table 
gives a single set of totals for the 
entire institution, while Basic Table 2 
gives data only for the accredited 
curriculums. 

Table VI below is a brief summary 
of the part of Basic Table 2 dealing 
with graduations. It shows the rela- 
tionship between the two groups of 
engineering-related curricula. The 
total number of graduates is the same 
as shown in Table IV, but a compari- 
son of the first item reported in Table 
VII with the corresponding items in 
Table IV shows that the number of 
graduates coming from ECPD-ac- 
credited curricula is only about two- 
thirds as large as the number coming 
from ECPD-listed institutions. This 
means that only about two-thirds (68 
per cent) of the graduates of ECPD- 
listed institutions are in ECPD-ac- 
credited curricula. In other words, 
it means that one-third of the grad- 
uates of ECPD-listed institutions are 
in curricula not accredited by ECPD. 

Table VII is a brief summary of the 
part of Basic Table 2 dealing with en- 
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TABLE VI 


GRADUATES, BY SEX, FROM ECPD-AccREDITED AND OTHER 


ENGINEERING-RELATED CURRICULA 





Curricula 


ECPD-Accredited 
Other Engineering-Related 


Total Engineering-Related 


ECPD-Accredited as Per Cent of Total En 
gineering-Related 


rollments. It shows relationships be- 
tween the two groups of engineering- 
related curricula. The total number 
of students enrolled is the same as 
shown in Table V, but as in the case 
of the graduates, the numbers enrolled 
in ECPD-accredited curricula are con- 


Graduates 





Total | Men Women 
Seer eee Se ee le —————_}—_______ 
3,838 | 3,828 | 10 
7,904 7,834 70 
11,742 11,662 80 
32.7% 32.8% 12.5% 


siderably smaller than the numbers 
shown in Table V as being enrolled 
in ECPD-listed institutions. The re. 
spective ratios are as follows: Total 
enrollment: full-time 83%, part-time 
75%; first-time enrollment: full-time 
79%, part-time 80%. 





TABLE VII 


ENROLLMENTS, TOTAL AND First-TIME, BY FULL-TIME AND PART-TIME, IN ECPD-Accrepitep 
AND OTHER ENGINEERING-RELATED CURRICULA 


Total Enrollment 











ist Time Enrollment 
Curricula ———_____————— ——_— | —_____—__ as 
Full-Time Part-Time | Full-Time Part-Time 
ECPD-Accredited 12,538 2,861 4.440 785 
Other Engineering-Related 19,960 22,263 11,051 9 861 
fs “es oa eas ala pee 
| | " | - 
Total Engineering-Related | 32,498 25,124 | 15,491 10,646 
| 
ECPD-Accredited as Per Cent of 
Total Engineering-Related 38.6% 11.4% 28.7% 74% 


Concluding Comment 

The data in this report, and in the 
more inclusive report of the Office of 
Education from which it is drawn, 
constitute “snapshots” of enrollments 
and graduations in organized occupa- 
tional curricula during 1956. Such a 
“snapshot” has value in and of itself, 
but its greatest usefulness will un- 
doubtedly be as the first of a series 


of comparable reports from which 
trends can be determined. 

In other words, this report estab- 
lishes the “first point on the curve, 
a curve which will be determined 
more fully as future reports become 
available. Such a series can be er 
pected to show developments and to 
indicate trends in this highly impor: | 
tant area of higher education. These 
developments will have important 
manpower implications. 
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BASIC TABLE 1 


ENROLLMENTS AND GRADUATIONS: 1956 


BY STATE AND ECPD-Listep INSTITUTION, 1956 


TIONAL Ct 


(Number of graduates and total enrollment are for all curricula of less than 4 years; enrollment 
of first-time students is only for curricula of 


State and Institutior 


California 
Cogswe ll Polytech. Col 
Electronic Tech. Inst. 
Northrop Aero. Inst. 

Connecticut 

Technical Inst 





Georgia 
Ga. Inst. of Technology 

Illinois 
Aeronaut 


Devry Tech. Inst. 


ical Univ. Inc. 


Indiana 
Lain Technical Inst 
Purdue Univ. 
Valparaiso Technica! Inst. 


Massa - 
Franklin Technical Inst. 
Went th Inst. 
Missourl 
Central T nical Inst. Inc. 
New \ 
Academy of Aeronautics 
Mohawk Valley Tech. Inst. 
RCA Institutes Inc 
Roche Inst. Technology 


SUN: Y: Ac 


Ohio 
Franklin Univ 
Ohio Mechanics Inst 
Univ. of Dayton 


Oklahoma 
Okla. A. & M. Col 
Oregon 
nical Inst 
Pennsylvania 
Pa. State Univ 
Spring Garden Inst 
Wyomissing Poly. Inst. 
Texas 
Univ. of Houston 
West Virginia 
W. Va. Inst. of Technology 
Wisconsin 
Milwaukee School 
District of Columbia 
Capitol Radio Engrg. Inst. 


Oreg. Tec 








yf | nereg. 


Total ECPD 
Other U. S. Schools 
All U. S. Schools 


Inst. Alfred 
S.U. N. Y. A. & T. Inst. Canton 


| 


July 1, 1955 
June 30, 1956 


226 


108 


834 


19 
100 
159 


144 


293 


Jt 


414 


120 
5,639 17 
6,023 63 


| 11,662 80 


Enrollment 


> t 
i) 


107 


129 


303 | 1.007 


796 
442 


153 


502 


328 
5,186 3, 
7,312 21 
2,498 25 


366 


400 


400 


or more but less than 4 years 


486 


156 


ul 


O03 
9 883 


15,491 


120 


52 

977 
9,669 
10,646 


782 
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(Number of graduates and total enrollment are for all curricula of less than 4 years; enrollment 
of first-time students is only for curricula of 2 or more but less than 4 years) 





| 

| 

| 
Curriculum and Institutions 


Aeronautical Curricula 
Aircraft Design or Drafting 


Cal. Northrop Aero. Inst. | 
Ill. Aeronautical Univ. Inc. 
N.Y. Academy of Aeronautics 


Total ECPD 
Other Institutions 
Total for U. S. 


Aircraft Engine Maintenance 
Cal. Northrop Aero. Inst. 
N.Y. Academy of Aeronautics 

Total ECPD 
Other Institutions 
Total for U. S. 


Air Cond. Heatg. & Refrig. 
Air Cond. Heatg. & Refrig. 


Ga. Ga. Inst. of Technology 

N.Y: S. U.N. Y. A. & T. Inst. Alfred 
ie S.U.N. Y. A. & T. Inst. Canton 
Okla Okla. A. & M. Col. 

Tex. Univ. of Houston 

Wis. Milwaukee School of Engrg. 


Total ECPD 
Other Institutions 
Total for U. S. 


Architectural & Civil Curricula 
Architectural Technology 
Ind. Lain Technical Inst. 
Mass. Wentworth Inst. 
Total ECPD 
Other Institutions 
Total for U. S. 


Building Construction 


Ga. Ga. Inst. of Technology 
Ind. Purdue Univ. 

Ohio Ohio Mechanics Inst. 
Okla. Okla. A. & M. Col. 


Total ECPD 
Other Institutions 
Total for U. S. 





Graduates 


July 


Men Women 


20 


1, 1955 
June 30, 1956 


43 
48 
184 


232 | 


40 | 


on > 


wu 


otal First-Time St 


Student 
Full | Part Full- Part 
Time | Time Time Time 
520 | 342 
56 30 
367 165 151 67 
943 165 | 523 67 
103 127 | 70 123 
1,046 | 292 593 190 
C 
409 126 
408 256 155 83 
817 256 281 83 
474 111 215 74 
1,291 367 496 157 
me Ele 
‘i 34 
73 13 
40 27 
76 | 
88 | 24 18 5 
150 | 150 
504 24 272 : 
353 641 222 237 
857 665 $94 242 
54 39 30 20 
144 91 
198 | 39 121 20 
474 | 468 216 189 
672 | 507 337 209 
100 33 B 
46 | 128 19 25 2 
46 ( 
40 9 } ( 
232 128 61 | 25 
1,085 1,358 700 503 I 
1,317 | 1,486 | 761} 58 
eo h 








0 


v1) 


89 
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BASIC TABLE 2 


Curriculum and Institution 


Civil Technology 
Ga Ga. Inst. of Technology 
Oreg. Oreg. Technical Inst 
Total ECPD 
Other Institutions 
Total for U.S 


Structural Technology 


Cal. Cogswell Polytech. Col 
Mass Franklin Technical Inst 
Oreg Oreg. Technical Inst. 


Total ECPD 
Other Institutions 
Total for U.S 


Chemical Curricula 


Chemical Technology 
Mass Franklin Technical Inst 
N.Y Rochester Inst. Technology 
Ohio Ohio Mechanics Inst 


Total ECPD 
Other Institutions 
Total for U.S 


Electrical Curricula 
Electrical, General 


Conn State Technical Inst 

Ga. Ga. Inst. of Technology 
Ind. Purdue Univ 

Mass. Wentworth Inst. 

N.Y Rochester Inst. Technology 


N.Y. S.U.N.Y.A. &T. Inst. Alfred 
N.S, 5. U.N. Y. A. & T. Inst. Canton 


Ohio Ohio Mechanics Inst 

Ohio Univ. of Dayton 

Okla. Okla. A. & M. Col. 

Pa. Spring Garden Inst. 

Tex. Univ. of Houston 

W.Va. W. Va. Inst. of Technology 
Wis. Milwaukee School of Engrg 


Total ECPD 
Other Institutions 
Total for U. S. 


Electronics 


Cal. Cogswell Polytech. Col. 
Cal. Electronic Tech. Inst. 

Ga. Ga. Inst. of Technology 
Ill. Devry Tech. Inst. 

Ind. Valparaiso Technical Inst. 


Mass Franklin Technical Inst 
Mass. Wentworth Inst. 


re 





Continued 


Graduates 


18 
14 
32 
90) 


122 


106 


60 


Ww W bo 


wun 


a? 


344 | 


68 / 
1,031 


10 
172 
60 
195 
159 
31 
45 


Ne = bt he 
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1956 


18 
47 
90 
631 


79 


42 


20 


20 
605 


625 


i) 
— he 


uw 


a bt 


& 


364 


170 


98 


t~ & 
ww Of 
“In Ww 


165 
1,060 


1,525 


111 
268 
120 


132 


1956 


44 
950 
994 


67 


784 





Mo. 
N. Y. 
N.Y. 
Okla. 
Pa. 
Tex. 
Wis. 
ES os 


Radio & TV 


Mo. 
N. Y. 
Ohio 
Okla. 
Wis. 


Industrial 
Industri 
Conn. 
Ga. 
Ind. 
Ind. 
Ohio 
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Mechanical Curricula 


Diesel T 
a 
Okla. 
Tex 


Cal. 
N. Y. 
Ohio 
Okla. 
Pa. 


Tex 


| Graduates 
| July 1, 1955 = 
Curriculum and Institutions June 30, 1956 | Total 
—__—__—_|—— 
Men | Women | hen ae 
Central Technical Inst. Inc. 92 | | 590 
Mohwak Valley Tech. Inst. 23 | 364 3 
RCA Institutes Inc. } 159 | | 862 | 123 
Okla. A. & M. Col. 20 | 42 | 
Pa. State Univ. 108 | 321 | 
Univ. of Houston 10 | 181 | 80 | 
Milwaukee School of Engrg. 199 424 
Capitol Radio Engrg. Inst. 120 | 328 | 183 
Total ECPD 1,403 5,477 | 487 | 
Other Institutions 832 | 6 | 2,610 4,080 | 
Total for U. S. | 2,235| 6 | 8087 | 4,567 
| | 
| | | 
Central Technical Inst. Inc. | 20 135 
S. U.N. Y. A. & T. Inst. Alfred 18 | 78 
Franklin Univ. 36 | 57 126 
Okla. A. & M. Col. 66 | 118 | 
Milwaukee School of Engrg. 81 | 179 | 
Total ECPD | 22] } 432 | 261 
Other Institutions | 340] 1 | 1,102 822 
Total for U. S. | 561} i | 1,534 | 1,083 
Curricula 
al Technology 
State Technical Inst. 47 
Ga. Inst. of Technology 5 61 
Lain Technical Inst. 1 | 30 | 19 
Purdue Univ. 32 | 16 335 
Univ. of Dayton 9 20 29 
Total ECPD 68 | | 174 | 383 
Other Institutions 173} 2 | 592 825 | 
Total for U. S 241 | 2 | 766 1,208 
| 
‘echnology 
S. U.N. Y. A. & T. Inst. Alfred 15 45 
Okla. A. & M. Col. 120 | 149 
Univ. of Houston 13 115 65 
Total ECPD 148 | 309 65 | 
Other Institutions 153 | 456 79 
Total for U. S. 301 | 765 | 144 | 
Drafting & Machine Design 
Cogswell Polytech. Col. 7 | 56 | 
S. U.N. Y. A. & T. Inst. Canton 19 75 | 
Univ. of Dayton 15 | 64 106 | 
Okla. A. & M. Col. 59 | 153 | 13 
Pa. State Univ. 104 | 475 | 
Univ. of Houston 8 | 103 | 220 | 
Total ECPD 212 | 926 | 339 | 
Other Institutions 317 | a 951 1,213 | 
Total for U. S. 529 | 1 | 1,877 | 1,552 | 
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Enrollment on or near October 1, 1956 
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N. ¥ Mohawk Valley Tech. Inst 37 
N. Y. Rochester Inst. Technology 43 
N.Y S.U.N. YA. & F ed 15 
Ohio Ohio Mechanics Inst 4] 
Pa Spring Garden Inst 79 
Total ECPD 297 
Other Institutions 789 
Total for U.S 1,086 
Steam ‘J ology 
Mass Wentworth Inst 19 
Total ECPD 19 
Other Institutions 5 
Total for U. S 24 
Tool & Die Design 
Ind. in Technical Inst 13 
Mass ntworth Inst 24 
Total ECPD 37 
Other Institutions 232 
Total for U. S 269 
Miscellane irricula 
Photographic Technolog 
N. Y. | ster Inst. Technology 69 
Total ECPD 69 
Other Institutions 22 
Total for U. S 91 


Textile Te I 
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REPORT OF PLANNING COMMITTEE OF ENGINEERS’ 
COUNCIL FOR PROFESSIONAL DEVELOPMENT 





ECPD is known to all enginering teachers as the organization 
responsible for the accrediting of curricula. But not much is known 
—even among many engineering teachers—about the detailed func- 
tioning of an accreditation committee. To explain accreditation to 
the practicing engineer an “accreditation skit” was presented at a 
recent ASME meeting under the leadership of John Gammell, 
Treasurer of ASEE. The tremendous enthusiasm with which it 
was appraised has led to a modification for presentation at the 
Tuesday morning General Session of the Annual Meeting ( Uni- 
versity of California at Berkeley, June 16-20). In order to better 
under stand the function, program, and membership of ECPD and 
to provide a good background for the skit, the recently completed 





Report of the Planning Committee of ECPD follows. 


Introduction 


ECPD has been operating success- 
fully under its present Charter, the 
essentials of which were adopted 
twenty-five years ago. ECPD now 
faces the problem of further evolu- 
tion. Its immediate problem is posed 


must evolve to keep pace with the 
evolution and progress of engineering, 
The committee considered the prob- 
lem in two steps. First, the field and 
function of ECPD were carefully re. 
examined and, second, criteria and 
procedures for admission of new men- 
bers were considered. All planning 


by membership applications received has been done in view of the present 
from three national engineering SO-  —_ and__ possible future _ relationships f 
cieties, all of distinction and stature. ECPD has with other society groups 
The constituent bodies of ECPD have and in such a manner that eventual 
raised serious questions as to the ad- simplification and unification of the : 
visability of admitting new members. entire engineering field can be P 
The present Charter provides neither complished. 0 
the necessary criteria for membership cl 
nor a complete procedure for admit- _—_‘ Field and Function of ECPD ti 
ting them. The only way a new The committee finds that the pres- d 
member can be admitted now is by ent area of action of ECPD is a t 
amending the Charter. folionwss. E 
Involved in the immediate prob- ng 
lems of new membership are also the The geographical area in which th 
basic questions of ECPD’s field of op- | ECPD operates is the United States 
eration and its relationship to other and Canada. All its activities except th 
groups of societies in the engineering —_ the accreditation of engineering cur no 
field. This report presents recom- _ ricula apply to both countries. ECPD th 
mendations of the Planning Commit- _—_does not accredit Canadian curricula ) 
tee on some of these matters. ECPD has to do with the develop tee 
Since ECPD has been successful, ment of the individual engineer rather we 
there seemed to the committee no than with engineers in groups oF with th 
reason for a revolution in the ECPD engineering as a whole. Its objective sr 
program or methods. The commit- is to aid the individual to become 2 
tee believes, however, that ECPD competent engineer dedicated to the @ EC 
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ublic welfare. To attain its objec- 
tive, ECPD attempts to reach the po- 
tential engineering student in the sec- 
ondary school as early as the eighth 
and ninth grades and follow him 
through his education and experience 
to the stage where he has attained 
suficient stature to become a regis- 
tered engineer under the various state 
registration laws and is eligible for 
election to the full or corporate mem- 
bership of his engineering society. 
This activity covers, for the individ- 
ual, the formative period of his career. 
The present ECPD program for ac- 
complishing this might be summarized 
as follows: ECPD guides the high 
school student into the engineering 
college; sees to it that the engineering 
student obtains a sound education in 
both curricular and extra-curricula 
areas, and helps the young engineer 
through the first years of practice. 
All this is done within a framework 
of sound professional ethics and atti- 
tudes. 


Endorsement of Present Program 


The Planing Committee considered 
whether or not the present area and 
program should be modified, enlarged, 
or extended into other areas. The 
committee concluded that the tradi- 
tional area of ECPD action is well- 
defined and accurately bounded. In 
the quarter century of its history, 
ECPD has not extended its area and 
nd reason was found for changing 
this coverage now. 

The committee recommends that 
the present area of operation of ECPD 
not be changed but, on the contrary, 
that it should be reaffirmed. 

It is also the opinion of the commit- 
tee that the present ECPD program is 
well unified and that it fits accurately 
the specific and well-defined area de- 
stibed in the above paragraphs. 

The committee recommends that 
ECPD continue to strengthen and in- 
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tensify its present program and opera- 
tion and add new programs or func- 
tions only if these clearly fit within 
the present boundaries of its field. 


Membership 


The committee believes that the is- 
sue of new members in ECPD should 
be faced constructively. It rejects the 
concept of a permanently closed mem- 
bership consisting only of the present 
members. It also is convinced, how- 
ever, that the membership, although 
not closed, should be carefully re- 
stricted. New members should meet 
strict criteria. The following proce- 
dure for admitting members if recom- 
mended: 


1. An Admissions Committee should 

be established, which will screen 
all candidate societies and sub- 
mit recommendations to the Ex- 
ecutive Committee. 
If the recommendation from the 
Admissions Committee is favor- 
able, the Executive Committee 
will accept or reject the commit- 
tee’s recommendation. A favor- 
able vote of two-thirds of the 
representatives of the participat- 
ing bodies (the President not 
voting ) will be required for fur- 
ther action. 

3. If the action of the Executive 
Committee is favorable, a recom- 
mendation to admit will be sent 
to the participating bodies. For 
final admission, approval by the 
governing Boards of two-thirds 
of the participating bodies shall 
be required. 


Criteria for New Members 


The guiding principle of member- 
ship is that members should be ad- 
mitted only because they can con- 
tribute substantially to the work of 
ECPD. In addition to the general 
principle governing admission, this 
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committee recommends that societies 
considered for membership meet the 
following specific requirements: * 


1. The Society should be national 
in scope. 

2. The Society should oriented to 
contribute effectively to the objectives 
and program of ECPD. Specifically, 
the Society should be able to con- 
tribute to the work of most of the 
standing committees of ECPD. 

3. The objectives of the Society 
shall be consistent with those of 
ECPD. 

4. The Society shall be prepared to 
contribute financially to the support 
of ECPD. 

5. The various grades of member- 
ship within the Society shall be con- 
sistent with the uniform grades of 
membership recommended for engi- 
neering societies by the Recognition 
Committee of ECPD. 

6. Federations of national engineer- 
ing societies may be admitted as 
members provided the controlling 

* It is realized that not all present mem- 


bers meet all of these requirements. These 
criteria apply to new members only. 
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constituent societies of such federa. 
tions conform generally to the criteria 
outlined in paragraphs one through 
five above. 


Charter Changes 


Obviously, acceptance of the ree. 
ommendations in this report will cal] 
for changes in the ECPD Charter. 

For example, Articles in the Code 
must be adopted covering the new 
admission requirements and _ proce. 
dures. The structure of the Council 
and of the Executive Committee 
might have to be modified. The reg. 
ulations on membership of standing 
committees probably would be 
changed. The task of drafting the 
appropriate amendments to the Char. 
ter should be assigned to a Constitu- 
tion Committee. 

It is recommended that a Constitu- 
tion and By-Laws Committee be ap- 
pointed to draft changes in the Char. 
ter and Rules of Procedure. 


W. Scorr Hitt H. N. MEIXNER 
W. H. Larkin L. Austin WRicxt 
WarRREN L. McCase, Chairman 


Approved October 24, 1957. 





TEACHING POSITIONS AVAILABLE 


GROWING ENGINEERING SCHOOL 
seeks Civil, Electrical, Mechanical, In- 
dustrial, Mathematics and Drawing Fac- 
ulty. New buildings and facilities. Sal- 
aries dependent upon qualifications and 
experience. Openings in allranks. Write 
to Dean Herbert F. Marco, College Sta- 
tion, Brookings, South Dakota. 


HEAD—INDUSTRIAL ENGINEERING 
Dept. Must have at least Master’s De- 
gree. Prefer man with Ph.D. in the field 
and experience in teaching Operations 
Research, Statistical Control, Linear Pro- 
gramming. Salary open, nine months 
basis, with opportunity for at least one 
term of Summer School at % of nine 
months salary. Texas Technological Col- 
lege, Lubbock, Texas. 
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(Continued from page 771 


ASSISTANT AND ASSOCIATE PRO- 
fessors—to teach undergraduate courses 
in electrical and electronic fields. Teach- 
ing experience desirable but not neces- 
sary. Salary and rank dependent upon 
degree and experience. Positions now 
open. Vacation plan, TIAA, other bene- 
fits. Write to: Ralph S. Carson, Indiana 
Technical College, Fort Wayne, Indiana. 


MECHANICAL ENGINEER-ASSISI- 
ant or Associate Professor to teach ap- 
plied mechanics and assist in develop- 
ment of new mechanical curriculum. 
M.S. degree required, teaching expel 
ence desirable. Electrical engineer also 
needed. Write President Glenn Kendall, 
Chico State College, Chico, California. 
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FOREWORD 


Despite our American eminence in technical matters, thought- 
provoking evidence urges serious concern for the future. The re- 
sources for educating the first-rate engineers and scientists essential 
to a dynamic technological economy and industry show clear be- 
ginnings of deterioration. Fortunately, at a critical juncture, na- 
tionally and internationally, our world competitors have given us 
vital aid. They have shown us, dramatically and forcefully—as 
we had not seen it ourselves,—that we face scientific and engineer- 
ing competition of first quality in our contest for survival. 

We now begin to sense the results of a great and sustained effort 
in education and research that has reached to the very roots of 
Russian culture. We are challenged by a powerful movement—an 
educational movement carried by an entire people and surging for- 
ward with gathering momentum. Authoritarian power has provided 
the attractions of top professional status and reward in technical 
education. The result is impressive in numbers, in brains, and in 
productivity. Inadequately met, the challenge can be overwhelm- 
ing, in the American and free-world economy, in the political evo- 
lution of important formerly non-industrial peoples, and in simple 
national self-defense. We in the United States must come to com- 
prehend the vital role of science and engineering education in this 
contest. 

The problem in technological education—while deeply felt by a 


few—has yet to enter the public consciousness with the conviction 
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essential to success. The heart of that problem is this: We must 
make careers in scientific and engineering education genuinely at- 
tractive to our first rate minds—to enough of them to staff our 
engineering colleges with nearly twice their present faculties by 
1967, at about three times the present salary bill. 

And we must become convinced that good education is worth 
this. 

The survey reported here examines the problems and status of 
engineering education during the next decade through the eyes of 
the deans of this nation’s engineering colleges. Here are their col- 
lective individual estimates of engineering student numbers, under- 
graduate and graduate; of faculty needed to teach these students; 
of salaries needed to attract these faculty; and of the total salary bills 
for these faculty. The totals are startling in terms of past experience 
in engineering education. They are perhaps less so if we note that 
the present annual salary bill for engineering faculty equals five 
days’ sales of U.S. retail liquor stores, while the 1967 bill approxi- 
mates two weeks’ sales. 

The Committee believes that its primary source of estimate data— 
the individual engineering dean—gives us the best available com- 
bination of facts, factual projections, and intuitive insight for the 
future, each for his own institution. While individual institutions— 
and different categories of institutions such as public and private— 
showed quite different growth expectancies, we were gratified to 
find that the national totals thus compiled checked closely with 


more generalized statistical projections of population and college 
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growth. In this and in other respects, including a phenomenally 


large fraction of questionnaire response, our study appears to satisfy 
exceptionally well the usual tests for statistical validity. 

Faced with the extremely serious problem of financing the faculty 
costs of engineering education in the decade ahead, our engineer- 
ing educators fear most deeply of all the forced deterioration in 
quality nevitable when expedient rather than first-choice appoint- 
ments are the pattern. Indeed, subtle, creeping compromise with 
quality faculty standards is already reported by many deans when we 
should be improving. This insidious deterioration is and will be 
immediately apparent only to those intimately familiar with both 
what constitutes quality and with the quality actually achieved in 
individual appointments. We shall, of course, be faced with the 
need for using all expedients within our power to recruit engineer- 
ing teachers to meet the oncoming flood of students and to use 
these teachers more efficiently, with larger classes, technical aids, 
non-professional assistants, and so on. But unless we can attract 
and offer satisfying faculty careers in teaching and research to ou 


ablest new engineering graduates 





careers that are genuinely com- 
petitive with opportunities offered by other prospective employers, 
industry or indeed government,—we shall awaken some fine 
morning to find that we have lost the race. 

The central problem, controlling in an absolute sense, is ade- 
quate financing of the faculties. Facilities, not touched by our study, 
are also important and costly. Helping students finance their edu- 


cation, the principal focus of most of today’s aid-to-education think- 
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ing, is likewise important. Facilities and student aid are meaningless, 
however, if these students find as teachers only what is left after the 
cream of ability has been skimmed. One dean has told the Commit- 
tee: “In the last few weeks I have talked to several young men 
about the possibility of pursuing a career in teaching, and the 
answers are astonishingly alike: “We just can't see spending three 
more years of our lives without adequate earning power in order to 
prepare for a job which doesn’t have adequate earning power. ” 
The body of the report is a statistical analysis that we believe to 
be sound in basis and method. But even highly improbable uncer- 
tainties in our findings would leave the major conclusion unaltered: 
Survival of American engineering education at a mere common- 
place quality level a decade hence will require doubling our pre- 
sent engineering faculty salary bill. But to compete, nothing less 


than excellence will do; and this will triple the bill. 


HAROLD L. HAZEN 


March $1, 1958 
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SUMMARY 


The shortage of well-qualified, career engineering teachers is a 
crucial aspect of the over-all engineering and scientific manpower 
problem in the United States. The Committee on Development of 
Engineering Faculties was established by the American Society for 
Engineering Education to consider the problems of recruitment, 
development and utilization of engineering teachers. The Committee 
recognized that a program to strengthen engineering education in 
the United States must be based on firm estimates of engineering 
enrollment and faculty needs over the next decade. 

This report presents such estimates which show that between 
1956-57 (when the data for these estimates were collected) and 
1966-67: 

1. Undergraduate engineering enrollment is expected to increase 
by 6¢ per cent to approximately 414,000. 

2. Enrollment for the master’s degree in engineering is expected 
to increase by 93 per cent to about 44,000. 

3. Enrollment for the doctorate in engineering is expected to in- 
crease 115 per cent to about 6,500. 

4. The number of engineering teachers is expected to increase by 
76 per cent to about 16,000. 

5. If engineering teachers’ salaries are to be competitive with non- 
teaching engineering opportunities, the average engineering teacher 
will earn $12,500 per year from teaching in 1966-67, an increase of 
105 per cent. 


6. To achieve this average salary, the total salary bill for engineer- 


ing teachers in 1966-67 will amount to $200 million, an increase of 
233 per cent. 


Data for these estimates were obtained from a survey of deans in 
all degree-granting engineering institutions in the United States. 
Responding institutions account for 80 per cent of total under- 
graduate engineering enrollment in day colleges, 90 per cent of 
evening undergraduate enrollment, and 78 per cent of graduate 
enrollment. Eighty-three per cent of all institutions with one or more 
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engineering curricula accredited by ECPD responded to the survey, 
and only 60 per cent with no at ‘credited curricula. 

The survey also reveals that during the next ten years, most under- 
graduate engineers will receive their training in full-time day college 
programs. Day college enrollment is expected to increase by 67 per 
cent, and evening college enrollment by 63 per cent. A greater in- 
crease is expected in public institutions (79 per cent) than in private 
institutions (48 per cent). Graduate engineering enrollment in pub- 
licly supported institutions is expected to increase 154 per cent, and 
in private institutions 59 per cent. 

There were an estimated 9,078 engineering teachers in the United 
States during the academic year 1956-57. Fifty-eight per cent of 
these were in publicly supported institutions, and 42 per cent in 
private institutions. An additional 732 engineering teachers would 
have been required to bring all engineering faculties to full numerical 
strength, a shortage of about eight per cent. If replacements for 
part-time, temporary or unsatisfactory personnel are added to these 
needs, however, an additional 532 engineering teachers would have 
been required. This makes an over-all shortage for that year of about 
14 per cent. 

Faculty requirements in publicly supported institutions are ex- 
pected to increase by 93 per cent; those of private institutions by 
only 53 per cent. This will mean a substantial shift in the relative 
size of faculties in publicly and privately supported institutions. In 
1956-57, publicly supported institutions accounted for 58 per cent 
of all engineering teachers. By 1966-67, this is expected to increase 
to 63 per cent. In order to achieve these new faculty levels, new 
appointments to engineering faculties including replace ments in 
publicly supported institutions will increase by 125 per cent, and 
in private institutions by 79 per cent. 

The survey also rev eals that there will be some variation in the 

rate of grow th in engineering enrollment by region. Engineering 
institutions in the East are expected to grow at a slower rat > than 
those in the West. This is partly due to the greater concentration of 
publicly supported institutions in the western regions, and partly to 
the more rapid population growth in the West than in the East. 
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INTRODUCTION 


On October 4, 1957, Russian scientists 
successfully launched the first earth satel- 
lite. This event had many repercussions 
in the United States. Suddenly we were 
shocked to discover that we no longer 
held an edge in the race for scientific and 


technological supremacy. There was a 


furry of charges and counter-charges. 
Why had this been allowed to happen? 
Where and how had we slipped up, and 


who was to blame? Although these ques- 


tions have not yet been fully resolved, the 
mild hysteria engendered by the Rus- 
sians’ success in missile development has 
abated. One of its most important effects, 
however, has been to create a public 
awareness of the engineering and scien- 
tific manpower problem in this country. 


The ] 1uTi¢ 


ng of sputnik dramatized this 


problem no amount of earlier effort 
had been able to do. 
Long before this, a great many indi 


viduals and a number of agencies were 
concerned about our ability to train 
enough engineers, scientists, and support- 
ing technicians to meet the requirements 
of our expanding economy and the needs 
of national defense. By late 1956, four- 
teen non-governmental organizations, nine 


federal ig’ 


sencies and two_ presidential 
committees were concerning themselves 
with one or more aspects of the engineer- 


ing and scientific manpower problem.’ 


Henry H. Armsby, Engineering and Sci- 
entific Manpower: Organized Efforts to Im- 
prove and Utilization, U. S. De- 
of Health, Education and Welfare, 


its Suppl 
partment 


Office of Education, Circular No. 483, August, 
1956, p. | 
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By this time there was a voluminous 
literature on this subject. Most of what 
was published dealt with the shortage of 
engineers and scientists as such. There 
was one notable gap, however. The prob- 
lems of staffing our engineering colleges 
the 
scant attention. In this report we are at- 
tempting to fill that gap. It is concerned 


now and in years ahead received 


with some current problems of engineer- 
ing education and with the faculty needs 
of colleges of engineering and institutes 
of technology during the coming decade. 

The employment of engineers, scien- 
tists and related workers has grown more 
rapidly than the total labor force through- 
out the period for which we have reliable 
data. Since 1870, for example, there has 
five-fold 


force. During the same period, however, 


been a increase in our labor 
the number of engineering and scientific 
workers increased more than 85 times.’ 
This trend is expected to continue, so 
that we may expect a greater demand for 
engineers, scientists, and technicians dur- 
ing the years ahead than for other types 
of workers. In the past there have been 
Huctuations around this long-run trend 
line. At times there has been a shortage 
of engineers, and at other times employ- 
ment opportunities have failed to keep 
pace with the number of new engineering 
graduates. It is important to stress, how- 
ever, that the long-run trend in engineer- 


ing needs has been steadily upward. 


* National Science Foundation, Trends in 
the Employment and Training of Scientists 
and Engineers, Washington: May, 1956, p. 4. 
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Beginning about the time of the Korean 
War, the demand for engineers rose 
sharply. Since the supply of engineers 
cannot adjust quickly to a sudden in- 
crease in demand there were not enough 
engineers available to satisfy the needs of 
government and industry.’ 

The starting salaries of new engineer- 
ing graduates rose sharply. And during 
at least part of this period, employment 
opportunities for engineers were so good 
that there was a net migration of faculty 
members from colleges of engineering to 
industry.‘ The principal reason given for 
the loss of faculty members was the sub- 
stantial salary differential between engi- 
neering education and industry.” 


* Until recently there was fairly general 
agreement that there was a shortage of engi- 
neers from 1951 through 1956. This was ques- 
tioned by David M. Blank and George J. 
Stigler in their book, The Demand and Supply 
of Scientific Personnel (New York: The Na- 
tional Bureau of Economic Research, 1957) 
pages 21-29. For a critique of the methods of 
analysis used by these authors and their con- 
clusions, see William H. Miernyk, “Engineer- 
ing Faculty Requirements, 1957-1967,” Con- 
ference on Engineering and Scientific Educa- 
tion, Chicago, October 31-November 2, 1957, 
to be published by the National Science Foun- 
dation. See also “The Turn in the Engineer 
Market,” in Fortune, December 1957, pp. 
150 ff. 


‘ There was some movement in both direc- 
tions, of course, but more engineers were leav- 
ing teaching for industrial jobs than the num- 
ber moving from industry to engineering col- 
leges. See A. R. Hellwarth, “Migration of 
Engineering College Faculty Members Be- 
tween Campus and Industry,” Journal of En- 
gineering Education, Vol. 47, No. 2, October 
1956, pp. 157-164. 


* Ibid., p. 162. Hellwarth’s conclusions are 
based on a survey of engineering deans cover- 
ing the academic years 1954-1955 and 1955- 
1956. 
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The loss of engineering teachers durin 
a period of rising enrollment in colleges 
of engineering and institutes of technology 
created serious problems. In some institu. 
tions teaching positions remained vacant, 
while in others, vacancies were filled with 
part-time or temporary teachers. Many 
engineering deans in the country were 
concerned about the quality of newly ap- 
pointed faculty members. Furthermore, 
engineering enrollments are expected to 
rise substantially during the coming dee- 
ade. This means that there will be a 
growing need for qualified, career engi- 
neering teachers not only to replace those 
who are currently regarded as unsatis- 
factory, but also to provide sound instruc- 
tion for the growing number of engineer- 
ing students. ; 

The lull in industrial activity in 1957, 
together with cutbacks in defense spend- 
ing, brought the demand for engineers 
and the available supply more nearly into 
balance. But this does not mean that the 
engineering manpower problem has been 
solved. In the words of Dr. Howard L. 
Bevis, Chairman of the President’s Com- 
mittee on Scientists and Engineers: 

The scarcity of scientists, engineers and 
skilled technicians is very real. It will con- 
tinue to be a national problem for at least an- 
other eight to ten years. ... The nation’s scien- 
tific and technological manpower is still a 
precious resource, despite some new Spaper Te- 
ports that we have caught up with the short- 
age and that there is, in fact, a surplus of 
engineers.° 

Many engineering educators are aware 
that they are faced with a long-run prob- 
lem. As engineering enrollments grow, 
there will have to be a corresponding in- 
crease in engineering faculties. If we are 
to avoid the problems of the past few 
years, a career in engineering education 


® Reported in the New York Times, October 
17, 1957, emphasis added. 
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must be made competitive in its total sat- 
sfactions with non-teaching engineering 
opportunities. It is evident that much of 
the effort devoted to the engineering and 
scientific manpower problem has begun 
to produce results. There are a number 
of programs now in operation to improve 
the teaching of mathematics and scientific 
subjects in our secondary schools. The 
number of youngsters seeking careers in 
engineering and science is increasing. But 
much less attention has been paid to the 
problems of engineering education. 
Because of this, Dean William L. 
Everitt of the University of Illinois, then 
President of the American Society for 
Engineering Education, appointed a Com- 
mittee on 
Faculties late in 1956. This Committee 
was established to investigate the broad 


Development of Engineering 


problems of the recruitment, development 
ind utilization of engineering faculties. 
The Committ 
956 and early 1957. In these 


held a number of meet- 
ings late i 

deliberations, the Committee concluded 
that there 


vey of engin 


i need for a complete sur- 
ing faculty needs, both in 
terms of manpower and finances, over the 
next decade. This survey would provide 
the necessary information upon which 
various action programs could be based. 
The staff and facilities of the Bureau of 
Business ancl Research at 
Northeastern University were retained to 
conduct the survey. 

Early in 1957 the research staff of 
CDEF prepared the first draft of a ques- 
tonnaire. This was pretested on a small 


Economic 
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but representative sample of engineering 
deans with whom personal interviews 
were conducted. Representatives of other 
organizations interested in the engineer- 
ing and scientific manpower problem were 
also requested to criticize this draft. The 
original questionnaire was revised several 
times, and on April 26, 1957, copies were 
mailed to the deans of all engineering 
institutions in the United States. By the 
final cutoff date in August, a total of 160 
usable returns were received out of a pos- 
sible maximum of 210. The responding 
institutions account for 81 per cent of day 
college undergraduate engineering enroll- 
ment, 90 per cent of evening college un- 
dergraduate enrollment, and 78 per cent 
of total graduate engineering enrollment.’ 
This is an unusually high return for any 
type of survey where a mailed question- 
naire is used. It is especially noteworthy 
when the questionnaire employed is so 
complex and detailed.* This in itself is 
significant. It shows that the deans of col- 
leges of engineering and other college 
administrators in the United States are 
deeply concerned about the problem of 
recruiting well-qualified engineers for full- 
time careers as teachers. 


* For further discussion of the structure of 
the sample and the design of the survey, see 
Appendix A, pp. 27-42. 


"For a copy of the questionnaire and in- 
structions see Appendix A. 








ENROLLMENT PROJECTIONS 


Projections of college enrollment in the 
United States over the next decade have 
been made by a number of public and 
private agencies. All of these are based 
on statistics prepared by the United States 
Office of Education. The Office of Edu- 
cation has also published its own projec- 
tions for both total college enrollment and 
for engineering enrollment. We have com- 
pared the results of our survey with pro- 
jections made by the Office of Education. 


Engineering Enrollment and 
Total College Enrollment 

The anticipated increases in engineer- 
ing enrollment obtained from the CDEF 
survey and the Office of Education pro- 
jections are compared in Chart 1. On the 
basis of the CDEF survey, engineering 
enrollment in the United States will in- 
crease by 69 per cent over the next ten 
years. The Office of Education projection, 
however, shows a gain of only 62 per 
cent. For the year 1957-58, the Office 
of Education had projected engineering 
enrollment of 280,000. Actual enrollment 
in that year, however, was 297,100. Thus, 
the 1957-58 Office of Education projec- 
tion of engineering enrollment was 17,100 
or 6.1 per cent less than the actual en- 
rollment for that year. The CDEF pro- 
jection (made in 1956-57) was for an 
anticipated enrollment of 296,200 for the 
year 1957-58. Thus our projected figure 
was only 900 or 0.3 per cent less than 
the number of engineering students en- 
rolled this year. For this reason we be- 
lieve that the Office of Education pro- 
jections of engineering enrollment are on 
the conservative side, and that those made 
by the respondents to the CDEF survey 
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may be more realistic approximations of 
the growth in engineering enrollment to 
be expected during the next decade, 

A comparison of total institutional ep. 
rollment projections is also made in Chart 
1. This shows that the institutions rp. 


CHART 1 


COMPARISON OF CDEF Anp OrFrfice of 


EDUCATION PROJECTIONS—PERCENTAGE 

CHANGE IN ENROLLMENT, 1956-57 1 
1966-67 

‘in - waren —____ 

ene | luca 




















sponding to our survey expect an increase 
of only 54 per cent in total enrollment 
while the Office of Education expects : 
gain of 70 per cent by 1966—67. We must 
point out, however, that our sample 

institutions, while representative of those 
with engineering curricula, is not a repre 
sentative sample of all institutions 

higher education in the United States 
We cannot expect, therefore, the tot 
enrollment figures derived from our satt- 
ple to be close to those of the Office 0! 
Education. Our sample figures revel! 
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however, that institutions with engineer- 
ing curricula, which include some insti- 
tutions that are predominantly engineer- 
ing, expect engineering enrollment to in- 
crease substantially faster than total en- 
rollment 

In Chart 2 the CDEF projections of 
engineering enrollment are compared with 
those made by the Office of Education. 
The data for 
enrollments 
CDEF figure and the Office of Education 
figure is explained by the exclusion from 


1956-57 represent actual 
Che difference between the 


the CDEF sample of three schools which 
indicated that they were dropping their 
engineering programs, and the exclusion 
of schools in Alaska, Hawaii, and Puerto 
Rico. It appears that the institutions in- 


For details, see Appendix Table B-1. 
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cluded in our survey expect a more rapid 
increase in engineering enrollment be- 
tween now and 1961-62 than did the 
Office of Education at the time this pro- 
jection was made. The difference between 
the two projections is much smaller, how- 
ever, for the year 1966-67. According to 
the CDEF projection there will be 465,- 
000 students enrolled in engineering pro- 
g 

Education has projected 450,000. This 
amounts to a difference of three per cent. 


grams in that year, while the Office of 


Further details of the comparisons shown 
in Charts 1 and 2 are given in Appendix 


Table B-2. 


Undergraduate Engineering Enrollment, 
1956-57 to 1966-67 

The above data relate to total engi- 
neering enrollments (undergraduate and 
graduate) in the engineering institutions 
of the United States over the next decade. 


CHART 2 
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The bars for 1956-57 represent actual engineering enrollment data. 
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CHART 3 
UNDERGRADUATE ENROLLMENT IN PUBLIC AND PRIVATE INSTITUTIONS—Day ayp 
EVENING—WITH PERCENTAGE INCREASE FROM BASE YEAR 1956-57! 


Enrollment in Thousands 
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1959-60 


301,300 


1957-58 
267,500 


1956-57 
Total Under- 248,733 
Graduate (Actual Data) 
Enrollment 


‘Sample results expanded by multipliers of 


institutions. 


There are significant differences, however, 
in the expectations of privately and pub- 
licly supported institutions. Respondents 
from private institutions expect an in- 
crease in total enrollment of 36 per cent 
compared with a gain in engineering en- 
rollment of 50 per cent over the ten year 
period. In public institutions, however, 
total enrollment is expected to go up 63 
per cent while engineering enrollment is 
expected to increase 81 per cent. 

Total undergraduate engineering en- 
rollment in 1956-57 amounted to 24§8,- 
733. By 1966-67, this is expected to in- 
crease to 413,900, a gain of 66 per cent.” 

All computations were carried out to the 
last digit. Projections, however, have been 
rounded to the figures given in the text. 





1966-67 
413,900 


1961-62 
339,200 


1.1848 for public and | 


for private 


The details of the anticipated increase 
vhere the year 
1956-57 is used as a base. The percent: 
age figures on the chart indicate the rela- 


are shown in Chart 38, 


tive changes expected from the base year. 
This chart, too, reveals some interesting 
differences, particularly between privately 
and publicly supported institutions. 
Privately supported institutions antic 
pate an increase in total undergraduate 
engineering enrollment of 48 per cent 
over the next decade. But these institv- 
tions are currently planning on an increase 
of only 44 per cent in full-time, day col- 
lege enrollment while they expect a gait 
of 61 per cent in evening enrollment. The 
picture is different in the publicly sup- 
ported institutions. There, an inerease 0 
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CHART 4 


GRADUATE ENROLLMENT IN PUBLIC AND PRIVATE INSTITUTIONS—DAY AND EVENING— 


WITH PERCENTAGE INCREASE FROM BASE YEAR 1956-5 
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iment. But the largest gain 


78 per ce! S expected in day college 


enrollment. Evening unde reradu ite engi- 


nt in publicly supported 
xpected to increase only 
chart also shows that 
ergraduate engineers will 
ill-time day college pro- 
More 


is the much more 


be trained 
grams during the next decade. 
significant, vever, 
rapid increa xpected by the deans of 


publicly supp rted institutions than the 


A 


increase anticipated by the deans of pri- 


vately supported institutions.” 


Anticipated Graduate Engineering 
Enrollment, 1956-57 to 1966-67 

As in the past, most engineering college 
taculty members of the future will be 


able B-3 for complete de- 


"See Append ix T 
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Total Graduat 127 28,700 33,200 40,100 50.800 
Enrollment al Data 
7 per ce expected in total under- products of the engineering graduate stu- 


dent body. Thus, our projections of under- 
graduate engineering enrollment may pro- 
vide a measure of future faculty needs, 
wr the demand for engineering teachers. 
In a similar way, the number of graduate 


students—in general, the group from 
which new engineering teachers might be 
recruited—gives a measure of the source 
from which the supply of pot tenti: il engi- 
neering teachers will be drawn.” 

1956—57 there 


graduate students enrolled 


In the academic year 
were 25,927 

* The relationship is not quite so simple. 
As the number of graduate students increases, 
it follows that more faculty members will be 
needed to conduct graduate courses, and to 
supervise the total graduate training of engi- 
neers. Also, we must point out that the typical 
graduate class is smaller than the typical 
undergraduate class, hence the ratio of faculty 
to students becomes greater, i.e., a large num- 
ber of teachers per student will be required. 
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expect an increase in their graduate en- 
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rollment of 59 per cent. Day college fr 
graduate programs are expected to in- +28 a + 
crease more than evening college pro- a4 Master's 








grams (64 per cent as compared with 56 
per cent). Much more rapid growth is 
expected by the deans of publicly sup- 
ported institutions. They expect total 
graduate enrollment to increase by 154 
per cent over this ten-year period. And 
most of the gains are anticipated in day 
programs, where they expect an increase 
of 198 per cent. Evening programs in 


























publicly supported institutions are ex- 1956-57 

pected to increase only 77 per cent. Thus 

by 1966-67, on the basis of present ex- ment will undoubtedly continue to com- 
2 é ‘ : STV > y ’ 1 1 ; ya) > 1 

pectations, publicly supported institutions pete aggressively for the ne 

will be training a larger number of gradu- ply of engineers with graduate degrees, 

ate students than privately supported in- It will require equally vigorous recruiting 


methods by engineering institutions, if 
It is encouraging to note that a larger they are to attract into the teaching pro- 
relative increase is expected in graduate fession on a permanent b = a 
than undergraduate enrollment. This priate proportion of those highly qualified 
means that the potential supply of engi- engineers with graduate Coupes who 
neering college teachers will have in- have the aptitude for and interest in 
creased, relative to the projected number careers as engineering teacher S. 
of undergraduate engineering students. It A breakdown of anticipated graduate 
does not follow, of course, that this will  €nrollment in master’s and doctoral pro 
simplify the problem of the recruitment, grams is shown in Chart 5. By far the 
utilization and development of engineer- largest number (88 per cent) of graduate 
ing faculties. Over the next decade it is students enrolled in 1956-57 were Call 
possible that the demand by non-academic _— didates for the master’s degree, and @ 
sources for engineers with graduate de- majority of these (54 per cent) _ 
grees may increase more rapidly than the — enrolled in privately supported institu 


expected supply. Industry and govern- _ tions. Candidates for the doctor's degree 
in engineering subjects were almost 


evenly divided between publicly a 
** See Appendix Table B-4. privately supported institutions. 


stitutions. 
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Over the next decade, enrollment in 
master's programs is expected to increase 
93 per cent. Publicly supported institu- 
tions expect a gain of 152 per cent, com- 
pared with an anticipated increase of 56 
per cent in priv ately supported institu- 
tions. Much the same is true of expecta- 
tions with respect to candidates for the 
doctor's degree. Total enrollment in doc- 





toral programs is expected to increase by 
116 per cent over the next ten years. But 
in publicly supported institutions a gain 
of 165 per cent is currently anticipated, 
while privately supported institutions ex- 
pect an enrollment increase of 77 per 
cent. * 


‘ For details, see Appendix Table B-5. 











THE ENGINEERING FACULTY SHORTAGE, 1956-57 


For purposes of this survey, engineer- 
ing teachers were defined as those mem- 
bers of engineering college faculties in 


engineering departments only.” Accord- 


>This differs from the definition of engi- 
neering teachers adopted by Engineers Joint 
Council in their survey of professional income 
of engineers. For its survey, EJC defined engi- 
neering teachers as all members of the faculty 
of engineering schools whether teaching engi- 
neering or non-engineering courses. Ours is a 
narrower definition, but it limits our discussion 
to engineers as such, and we are primarily 
interested in those qualified to engage in 
either teaching engineering subjects or the 
practice of engineering. 


ing to the replies of engineering deans, 
about 52 per cent of the total teaching 
load in engineering curricula in our re. 
sponding institutions is carried by engj- 
neering teachers. An additional 28 per 
cent is handled by other faculty members 
teaching basic science and mathematics, 
The remaining 20 per cent of the course 
work, which consists of the humanities 
and related subjects, is carried by non- 
engineers. It is undoubtedly safe to as. 
sume that there are shortages in the non- 
engineering categories as well. 
Although the major purpose of our 
survey was to estimate the demand for 
engineering teachers over the next decade, 


TABLE 1 


ESTIMATED ENGINEERING FACULTY SHORTAGE, 1956-57, By PUBLIC AND PRIVATE 
INSTITUTIONS 


1956-57 FacuLty 


Public Number Per Cent 


Urban 2121 23.4% 

Non-urban 3146 34.6 
Total public 5267 58.0% 
Private 

Urban 3548 39.1 

Non-urban 263 2.9 
Total private 3811 42.0% 
Grand total 9078 100.0% 


BuDGETED OPENINGS PLACEMENTS! 





Number Per Centa Ni Dé Per Cent# 
202 9.5% 140 6.6% 
249 7.9 189 6.0 
451 8.6% 329 6.3% 
257 7.2 192 5.4 

24 9.2 11 41 
281 7.4% 203 5.3% 
732 8.1% 532 5.9% 


Note: Sample results expanded by multipliers 1.1848 for public, and 1.3439 for 


private institutions. 


* Per cent of 1956-57 faculty. 


» Positions currently held by part-time, temporary or unsatisfactory personnel, expressed in full-time 
equivalents, which the responding deans wish to fill with satisfactory full-time replacement’. 


812 








perc 
732 
requ 
ot a 
repr 
eigh| 
heer 
supp 
what 


the I 





we were also interested in measuring the 
actual shortage of engineering teachers 
during the current year (ie., 1956-57, 
the academic year during which the sur- 
vey was conducted ). The results are sum- 
marized in Table 1. The first column of 
Table 1 gives a distribution of engineer- 
ing teachers in publicly and privately sup- 
ported institutions, and there is a further 
breakdown by urban and non-urban in- 
stitutions. This breakdown also discloses 





that the publicly supported institutions 

are predon inantly non-urban, whereas all 
but a small percentage of the privately 

7 supported institutions are in urban areas. 

§ On the basis of our survey we estimate 

- that there were 9,078 engineering teach- 

- ers in the United States during the aca- 

\- demic year 1956-57. Fifty-eight per cent 
of these were in publicly supported insti- 

ir tutions and 42 per cent in privately sup- 

or ported instifutions. 

e, Column 2 shows the number of budg- 
eted openings during the academic year 
1956-57, a also these openings as a 
percentage of the faculty. An additional 
732 engineering teachers would have been 
required to bring the combined faculties 
of all institvtions to full strength. This 
represent actual shortage of about 

b eight pet t of the number of engi- 
neering teachers in 1956-57. Publicly 


supported institutions reported a some- 
what greater shortage (8.6 per cent) than 
the privately supported institutions (7.4 


for 


time 
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per cent). And among the publicly sup- 
ported institutions those in urban areas 
reported a relatively larger shortage. The 
reverse was true of private institutions. 

The shortage of engineering teachers 
is more than a matter of numbers, how- 
ever. Many engineering deans have ex- 
pressed concern about the quality of new 
teachers they have appointed. There- 
tore, in an attempt to measure the mag- 
nitude of this problem, all deans were 
asked to indicate the number of positions 
currently held by part-time, temporary or 
unsatisfactory personnel, and to express 
this number in full-time equivalents. The 
results are given in Column 3 of Table 1. 
A total of 532 positions, or 5.9 per cent 
of the combined engineering faculties, 
were reported as falling in this category. 
Again, publicly supported institutions re- 
ported a slightly larger number of posi- 
tions for which they wished replacements 
than privately supported institutions. 

A more realistic measure of the “faculty 
shortage” during the academic year 1956- 
57 would be a combination of the budg- 
eted openings and those positions which 
the deans regarded as _ unsatisfactorily 
filled. The “shortage”, as thus defined 
becomes fairly significant. With a total 
engineering faculty of 9,078 the “short- 
age” of 1,264 represents 14 per cent. In 
public institutions the “shortage” would 
be 15 per cent and in private institutions 
13 per cent. 











ENGINEERING FACULTY PROJECTIONS 


Each dea responding to our survey 
was asked to make two separate estimates 
of his engineering faculty needs between 
the academic years 1956-57, which was 
taken as the base, and 1966-67. One esti- 
mate was the level of faculty needed at 
specified times within the ten year period. 
The second estimate was the total num- 
ber of engineering teachers who will have 
to be appointed during this period. The 
first estimate represents the projected net 
addition to current faculty. The second 
estimate represents the total number of 
appointments necessary to increase the 
engineering faculties to the projected 
levels. In any one year the difference be- 


























CHART 6 
PROJECTED INCREASE IN TOTAL AND NET 
New APPOINTMENTS OVER CURRENT 
FACULTY 
TOO T 
5000+ 
4000 
woo 
2000+ 
0+ 
7 1 — 37 1957. 38 1959-60 1961-62 1966-67 
Total Faculty 9.078 117 2.566 4,131 6934 


(Actual Data ) 


tween the two estimates is the result of 
resulting from deaths 
retirement, migration to industry and 


normal turnover 


similar causes, but excluding transfers 
from one college of engineering to an. 
other. 


Engineering Faculties, 1956-57 to 1966-67 

By 1966-67, the deans have estimated. 
combined faculties will grow from the 
9,078 engineering teachers in 1956-57 to 
about 16,000, an increase of 76 per cent 
In order to increase engine ering faculties 
by 6,900 new members 0\ er the ten year 
period, however, colleges of engineering 
will have to appoint an additional 9,60) 
teachers, since during this period an esti- 
mated 2.700 will leave the teaching pro- 
fession for the reasons enumerated above 
A comparison of total appointments and 
the increase in the engineering facult 


< 


levels for specified academic years over 


the ten-year period is given in Chart 6. 

Table 2 shows the estirnated total ap- 
pointments of engineering faculties for 
specified academic years over the ten-year 
period, broken down by public and pr 
vate institutions and by urban and non- 
urban institutions. The data indicate that 
public institutions expect to appoint : 
steadily rising share of the total number 
of engineering teachers. Whereas in 1956- 
57 public institutions employed 58 pe 
cent of the total engineering faculties 
the nation, they expect to appoint 68 per 
cent of the total engineering teachers ( 
be added over the ten year period. 

As indicated in Table 3, the deans of 
the engineering colleges of the United 
States collectively expect their faculties 
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to increase by 


vately supported institutions are expected 


76 per cent over the next 


to grow only 54 per cent. 


ported institutions. 


supported institutions accounted for 58 
per cent of all engine ering teachers. By tutions. As mentioned above, 
1966-67, this is expected to increase to 


63 per cent. 


between urban and non-urban institutions 
s between the private urban and the 


The only significant shift 


public non-urban. 


vate urban 
per cent ol 


pared with 


institutions employed 39 faculty, and increases in f 
engineering faculties, com- 


35 sper 


In 1956-57, the pri- 


in public non-urban 


shift is 

w 1966-67 
nected that p1 
employ 34 pel 


} 


| with 37 per cent in public 


ties, compare 
non-urban 


Departmen 
Chemical 
Civil 

lectrical 
Mechanical 
Aeronautica] 
Industrial 
Metallurgical 
Others 


Total 


In the latter year it is ex- 


cent of engineering facul- 


195 


xpected 


Numbe 


titutions. 


DISTRIBUTION OF ENGINEERING FACULTIES 
6- 


729 
1608 
2157 
2299 

250 

349 

279 
1407 


9078 





cent employed 


to take place 


This will mean 


institutions. A wae 


individual institutions expect considerable 


TABLE 4 


ADDITIONAL 


accounted for by normal turnover. 


survey were aske d to indicate 
which they expected by 1966-67. 


BY DEPARTMENT, 
57, AND ADDITIONAL NUMBERS NEEDED IN 1957-— 
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In order to achieve these faculty levels, 
decade. But the faculties of publicly sup- however, the number of new engineering 
sorted institutions are expected to in- 
crease by 93 per cent, while those of pri- 


teachers joining faculties will have to in- 
crease 106 per cent. This means that total 
appointments over the ten-year period 
represent 106 per cent of the faculty of 
4 substanti al shift in the relative size of 1956-57. In publicly supported institu- 
faculty of publicly and privately sup- 
In 1956-57, publicly 


tions there will have to be a gain of 
per cent, compared with an increase of 
79 per cent for privately supported insti- 
the differ- 
ence between the total number of new 
engineering teachers appointed, and the 
growth of engineering faculties, will be 
Total 
appointments as a percentage of current 
aculty levels as 
a i rcentage of current faculty are shown 

1 Appendix Tables B-6 and B-7 


The distribution of engineering college 
faculties by department in 1956-57 is 
ivate urban institutions will given in “ lable 4. The respondents to our 


any changes 


FacuLty NEEDED 


1956-57 Facutty 
r Per Cent Number 

8.0 148 

17.7 288 

23.8 481 

25.3 420 

2.8 62 

3.8 66 

3.1 50 

15.5 283 

100.0% 1798 


1957-58 


Per Cent 
8.2 
16.0 
26.8 
23.4 
3.3 
3.7 
2.8 
15.8 


100.0% 


respec 


Some 








818 JOURNAL OF ENGINEERING EDUCATION 


change in emphasis among departments. 
But when the individual results are ag- 
gregated, no significant changes are antici- 
pated over the next decade. Chemical, 
electrical, aeronautical and petroleum de- 
partments are expected to grow slightly 
more than the average while all other 
departments listed in the table are ex- 
pected to increase less than the average 
or to show no relative change. At the 
present time, engineering deans do not 
see any significant shift in emphasis 
among departments over the next decade. 


Engineering Faculties by Region 

The distribution of engineering facul- 
ties, and projected growth, by region is 
given in Table 5.° About two-thirds of 
the nation’s engineering students and 
faculties are located in two regions—the 
East and Midwest. Growth is expected 
in all regions, but the most rapid expan- 
sion will come in the South, the South 
Central and the Mountain regions. The 
East is the only region in which the rate 


* For a list of the states in each region see 
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of growth is expected to be below the 
national average. In part this is due tp 
the fact that more rapid Population 
growth is expected in the southern and 
western regions. In part, however, jt js 
due to the geographical distribution 9 
publicly and privately supported engi. 
neering institutions. The regional disty) 
bution of faculties by type of institution 
is shown in Table 6.” 

Almost half of the nation’s enrollmen; 
in private institutions is concentrated jn 
the East. The South and the Midwest 
however, account for nearly three-fifths 
of total enrollment in publicly supported 
institutions. Since more rapid growth js 
expected in public than private engineer. 
ing colleges, the South and the Midwes 
will account for a growing proportion of 
engineering students and faculties be. 
tween now and 1966-67. Enrollment js 
expected to grow more rapidly in public 
than private institutions in all regions ex. 
cept the South Central and the Mountair 
states. The latter regions now account for 


For further details, see Appendix Tabl 


Appendix A, p. 32. B-8. 
TABLE 5 
FACULTY PROJECTIONS TO 1966-67, By REGION 
Per Cent 
PROJECTED INCREASE 
1956-57 FacuLtiEs 1966-67 FacuLTIEs oveR 1956-57 
Region Number Per Cent Number Per Cent 
East 2,902 32.0% 4,662 29.1% 61% 
South 1,345 14.8 2,516 15.7 87 
South Central 700 i 1,318 8.2 88 
Midwest 3,007 33.1 5,367 33.5 78 
Mountain 389 4.3 821 5.2 110 
Pacific 735 8.1 1,328 8.3 81 
Total 9,078 100.0% 16,012 100.0% 76% 
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FACULTY PROJECTIONS TO 1966-67 FoR PUBLIC AND PRIVATE INSTITUTIONS, BY REGION 


Region 


East 

South 
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Midwest 
Mountain 
Pacific 


Total 
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Total 
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1,036 
593 


,208 
309 
107 
893 
34 


260 


bo 


ent of total enrollment in 
institutions. 
s will show greater rela- 


» next decade this is 


statistical 


base from 


ENROLLMENT AND FACULTY REQUIREMENTS 


TABLE 6 


PROJECTED 


Per CENT 1966-67 PER CENT 
or Total FAcuLty or TOTAL 
PUBLIC INSTITUTIONS 
13.2 1,485 14.6 
19.6 2,057 20.3 
11.4 1,075 10.6 
40.1 3,856 38. 
6.7 728 1.2 
9.0 948 9.3 
100.0‘ 10,149 100.0% 
PRIVATE INSTITUTIONS 
57.9 3,177 94.0 
8.1 459 7.8 
2.8 243 4.1 
23.5 1,511 25.9 
9 93 Le 
6.8 380 6.5 
100.0% 5,863 100.0% 


OVE 


Per Cent 
INCREASE 


1956-57 


114.0% 
98.6 
81.3 
82. 

105.1 
99.6 


92.7 


which the growth is measured. Ev 


While these regions, the absolute growth 


private institutions. 





tions will be much larger than tl 


rollment in publicly supported institu- 














SALARIES IN ENGINEERING EDUCATION 


According to a recent study, deans of 
engineering feel that the major reason for 
the loss of engineering teachers to indus- 
try is the salary differential between in- 
dustry and education.” Since our ques- 
tionnaire was distributed solely to engi- 


‘ 


neering educators we have obtained no 
direct information on the earning of engi- 
neers in non-teaching jobs. However, the 


‘A. R. Hellwarth, “Migration of Engineer- 
ing College Faculty Between Campus and In- 
dustry,” Journal of Engineering Education, 
Vol. 47, No. 2, October 1956, p. 162. 


deans responding to our survey were 
asked to provide us with a considerable 
volume of data on engineering salaries, 
These data are reported in this section, 
Many engineering teachers, as is true 
of other college teachers, actually spend 
less than twelve months a year at their 
teaching jobs. In order to achieve com. 
parability, the questionnaire requested 
the respondents to report average teach- 
ing salaries of engineering teachers by 
rank on a monthly basis, for the number 
of months actually spent teaching. Aver- 
age monthly teaching salaries of engineer- 
ing faculties for 1956-57, | 


y rank, are 





CHART 7 
AVERAGE MONTHLY SALARIES OF ENGINEERING TEACHERS, 1956-57 
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ENROLLMENT AND FACULTY 
given in Chart 7. Note that the average 
professor in urban institutions receives 
omething in excess of $900 a month, 
while in the non-urban institutions he is 
paid slightly more than $800 a month. 
Highest salaries are reported for profes- 
sors in private urban institutions. These 
are followed by the salaries of professors 
in public urban institutions, and then by 
professors in public non-urban _institu- 
tions. The lowest salaries for professors 
are report d in private non-urban institu- 
tions, This same pattern prevails for other 
| 


ranks, with the differentials narrowing 


again as move down the scale from 
full professor to instructor. 

The differential for each rank between 
private urban and private non-urban is 
very significant. A comparison of average 


monthly salaries indicates a difference of 
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in private urban institutions over those in 
private non-urban institutions. Although 
the difference is less for other ranks it is 
still significant. Further detailed com- 
parisons are given in Appendix Table B-9. 
The respondents to our survey were 
asked to estimate the minimum salaries 
that would be required if salaries in their 
institutions were to be competitive with 
non-teaching opportunities for engineers 
In phrasing this question we recogniz 
that there are many non-monetary satis- 
factions associated with a career in teach- 
ing. Hence, we did not ask the deans to 
estimate the amounts by which their sal- 
aries would have to be increased in orde1 
to be equal to those of non-teaching engi 
neers. Rather, the deans were asked to 
take into account those intangible satis 


factions associated with a career in teach- 


$257 per month in favor of the professor ing which cannot be given a dollar dimen- 
CHART 8 
SALARY STRUCTURE OF ENGINEERING PROFESSORS. 1956-57 
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CHART 9 
SALARY STRUCTURE OF ENGINEERING ASSOCIATE PROFESSORS, 1956-57 
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sion, and to estimate the amount by 
which the salaries would have to be in- 
creased in order to recruit and retain a 
sufficient number of high calibre engi- 
neers to staff their faculties fully. The 
results are shown in the following charts. 

The comparison for full professors is 
made in Chart 8. The first set of bars 
shows the average minimum monthly sal- 
ary for full professor, and the second set 
shows the average actual monthly sal- 
aries. The latter set is repeated to permit 
easy visual comparison with the estimated 
starting salary that would be required to 
make the salaries of engineering teachers 
in the responding institutions competitive 
with non-teaching opportunities. With 
few exceptions, engineering deans re- 
ported that their salaries would have to 
be increased if they were to be competi- 
tive with non-teaching opportunities. 


Average Actual 
Monthly Salary with Non-Teaching Opportunities 


Minimum Salary to be Competitive 


A significant difference is seen between 
the first set of bars and the third set of 
bars in Chart 8. In the third set of bars 
we have summarized the average mini- 
mum salaries which engineering dean 
feel would have to be paid if salaries of 
engineering teachers are to be competi- 
tive with non-teaching engineering op 
portunities. The gross average is slightly 
over $1,150 per month. But the deans o! 
private-urban institutions feel that the 
would have to pay almost $1,250 per 
month in order to make total satisfactions 
of a full professorship in their institutions 
competitive with non-engineering opp0r- 
tunities. The deans of private non-urban 
institutions indicated only a slightly lower 
requirement than the national average 
But, interestingly enough, the deans 0 
public institutions, whether urban or not- 
urban, indicated that monthly earnings 0 
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CHART 10 
SALARY STRUCTURE OF ENGINEERING ASSISTANT PROFESSORS, 1956-57 
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$1,150 would suffice t 


make the jobs of full professors in their 


approximate} 


institutions competitive with the profes- 
sors counterparts in non-teaching occu- 
pations. 

The same t' 


tor associate 


pe of comparison is made 
The 


erage monthly minimum salary of asso- 


professor in Chart 9. 


ciate professors in engineering institutions 
& S&S 


f the United States as a whole is ap- 
proximately $630 per month. Once again, 
we see the pattern of variation by type 
f institution. The average actual monthly 
salaries are significantly higher than the 
minimum for each rank. Again we see 
substantial differences between the mini- 
mum salaries that are paid and those that 
would have to be paid if the teaching 
jobs of associate professors are to be com- 
petitive in their total satisfactions with 
non-teaching opportunities for engineers 


Average 
Monthly Salary 


Minimum Salary to be Competitive 
Non-Teaching 


Actual 


with Opportunities 


with approximately the same background, 
training and experience. There is only 
one slight variation from our earlier dis- 
cussion of the salary situation of full pro- 
fessors. The responding deans from pri- 
vate, non-urban institutions indicate that 
higher increases would be required than 
those for other types of institutions. The 
difference, however, is not large and is 
undoubtedly not significant. 

A similar comparison for assistant pro- 
10. 
professors are generally younger men, 


fessors is made in Chart Assistant 
some of whom have not yet completed 
their graduate work. Their monthly sal- 
aries, as reference to Chart 10 indicates. 
are not high. The salaries in private non- 
urban institutions lag somewhat behind 
those of other institutions. Again we see 
that the deans of private, non-urban in- 
stitutions indicate the largest increases in 
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order to make the satisfactions of teach- 
ing in such institutions competitive with 
non-teaching careers. Other than this, 
there is relatively little departure from 
the estimates made by other deans. 

The comparison for instructors is made 
in Chart 11. Here we see relatively little 
difference in the first two sets of bars. 
Instructors, on the average, earn approxi- 
mately $480 per month. With the excep- 
tion of private, non-urban institutions, 
the engineering deans believe that an 
average starting monthly salary of $600 
would make the job of instructor in an 
engineering college competitive in its 
total satisfaction with non-teaching oppor- 
tunities for young engineers of about the 
same background, training and experi- 
ence. The deans of private, non-urban 
institutions believe this would have to be 
almost $700 per month. For complete 





Vol. 48—No, 9 


statistics on the salary structure of engi- 
neering teachers and for data on the 
starting salaries necessary to be competi. 
tive with non-teaching opportunities, see 
Appendix Tables B-10, B-11, and B.J9 


Engineering Salary Bill 


The respondents to our survey were 
asked to indicate the total annual salary 
bill for all engineering teachers in 1956. 
57, and to estimate the total salary pill 
for specified future academic years, tak. 
ing into account anticipated growth in 
their faculties and assuming continued 
improvement in the level of engineering 
teachers’ salaries. Something in excess of 
60 million dollars was required to pay 
the salaries of engineering teachers in 
1956-57. By 1966-67, this is expected 
to increase to approximately 134 million 
dollars. This is a gain of 123 per cent 


CHART 11 
SALARY STRUCTURE OF ENGINEERING INSTRUCTORS, 1956-57 
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Chart 12 depicts the growth of the total 
salary bill from 1956-57 to 1966-67." 
There is a significant variation between 
public and private institutions. Public in- 
stitutions forecast an increase in the total 
salary bill of 142 per cent, compared with 
an expected increase of 98 per cent in 
private institutions. Over the next decade 
an increase of about 66 per cent is antici- 
pated in undergraduate enrollment, while 
graduate enrollments are expected to in- 
crease 96 per cent. In both cases public 
institutions anticipate substantially larger 
increases than private institutions, and 
this is particularly true of graduate enroll- 


” For th 
pendix Tables 


details of the projection see Ap- 
B-13 and B-14. 
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ment. But total engineering college facul- 
ties are expected to increase about 76 
per cent. This appears to be a reasonable 
projection. Faculty salaries, as indicated 
above, are expected to go up about 123 
per cent. This increase would, of course, 
allow for the anticipated expansion and 
it would also permit some increases in 
salaries. 

It is our feeling that engineering deans 
have underestimated the increases that 
will be required if they are to attract and 
retain an appropriate proportion of engi- 
neering graduates as engineering teachers 
over the next ten years. The deans have 
indicated that substantial salary increases 
will have to be made at the present time 
if engineering teaching positions are to 
be made competitive with non-teaching 




















CHART 12 
EsTIMATED TOTAL SALARY BILL FoR ALL ENGINEERING TEACHERS, 1956-57 To 1966-67 
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opportunities. These estimates range from 
about 40 per cent for instructors to 55 
per cent for full professors. If we add to 
the $60 million paid to engineering 
teachers in 1956-57 only 40 per cent of 
this amount, or $24 million, about $84 
million would have been required, on the 
basis of the deans’ most conservative es- 
timates, to raise salaries enough to make 
engineering teaching positions competi- 
tive at the present time. In addition, the 
deans anticipate an expansion of 76 per 
cent over present faculties by 1966-67, 
and even a proportionate increase of the 
present salary bill would raise the esti- 
mate of $84 million to $148 million, in 
1957 dollars, by 1966-67. 

Allowance also must be made for the 
general increases in wages and salaries 
which are expected over the next decade 
as the result of rising productivity and 
price inflation. If we use a realistic esti- 
mate of an average increase of three per 
cent per year, compounded over the ten- 
year period, as the result of these forces, 
this will add $52 million, bringing the 
total salary bill for 1966-67 to about $200 
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million in 1967 dollars. On the basis of 
these assumptions, the average annual 
salary of the expected 16,000 engineering 
teachers in 1966-67 would amount t 
$12,500. 

It is worth stressing that these are not 
firm predictions of the total salary }jj] 
or of average engineering teachers’ sal. 
aries in 1966-67. They are projections 
made on the basis of the deans’ estimates 
of increases currently needed to make 
engineering teaching positions competi. 
tive, and increases which are expected to 
result from the upward movement of the 
general salary level over the next decade, 
Since these are estimates based on q 
specific set of assumptions they may 
overstate or understate the actual salary 
bill a decade hence. It appears to us, 
however, that a_ substantially larger 
amount will be required for engineering 
teachers’ salaries than the deans have 
estimated if engineering colleges are t 
be able to attract (and retain) an appro- 
priate proportion of the able engineering 
graduates of the next de ade into the 
profession of engineering teaching. 
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SURVEY METHODS AND RESULTS 


Design of the Survey 
Early the oe 
CDEF prepared the first draft of a ques- 


This draft was circulated to a 


1957 research 


tionnaire. 
] + renrece ive yle r anc 
small but representative sample of engi 


neering deans for their comments and 


citicism. Through personal interviews 


suggestions for improvement were ob- 


Representatives of other organ- 


sted 


tained. 
izations inter in the broad area of 
nd scientific manpower were 


criticize the draft. The 


ngineering 
ilso req i to 


riginal q nnaire was revised several 


mes al April 26, 1957, mailed to 
e deans engineering institutions in 
e Unit tes. The questionnaire was 
sent to 2 titutions listed in the most 
ecent re} f the Office of Education. 
This fig subsequently revised to 
210, wh will be used as our 
tal population of engineering institu- 
ms. = T was a very good response 


to the initi ling of the questionnaire. 


Within 2( 78 usable returns were 
received tituting a 37 per cent re- 
turn to th nal mailing 
On the f these early returns, a 
preliminary report was prepared and pre- 
This inc] ill engineering institutions 
the United States, whether or not ac- 


redited by Engineers Council for Professional 
Developme nt, listed in the most recent direc- 
tory of the Office of Education, and adjusted 
exclude th smaller schools which have 
iropped OF | | ) discontinue their engineer- 
ng program and 


excluding 
schools in Alash 


engineering 
Hawaii and Puerto Rico. 
‘He questionnaire and instructions are repro- 
luced at the « nd 


of this appendix. 
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sented to the American Society for Engi- 
neering Education on June 18, 1957.* At 
this meeting of ASEE, members of the 
Committee on Development of Engineer- 
ing Faculties urged non-respondents to 
complete the questionnaire and return it 
to the research staff at the earliest op- 
portunity. This appeal was successful, and 
the final results were a 76 per cent re- 

160 usable 


returns were received out of a possible 


turn to the original mailing; 
maximum of 210. Eighty-three per cent 
of accredited institutions’ and 60 per cent 
of the non-accredited institutions in the 
country responded to our survey 

received after the 
final cutoff date. No effort was made to 
include these in the sam Some of the 


institutions 


A few returns were 


ple 

late returns were from largs 
however. After all sample data had been 
expanded by the appropriate multipliers 
comparisons were made with the late re- 
turns from the large institutions. In n 
case would our results have been altered 
significantly by the inclusion of the late 
returns in our sample. If the nine late 


returns had been included, our sample 


would have been increased from 76 per 


cent to 80 per cent. 


William H. Miernyk, Preliminary Report 
on a Survey of Engineering Faculty Needs 
presented at the annual meeting of ASEE, 
Cornell University, June 18, 1957. 


‘By “accredited institution” we mean an 
institution with one or more curricula ac- 
credited by Engineers Council for Professional 
Development, which is the recognized ac- 
crediting agency in the United States. 
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APPENDIX TABLE A-1 
ENGINEERING ENROLLMENT Data FOR 1956, U. S. AND CDEF Samp te 
CDEF SaMpte 
U.S. AS PER CENT EXPANSION 
TOTALS* CDEF SAMPLE or U.S. MULTIPLigg 
Day College Undergraduate (1D) (2) (3) (4) 
Enrollment 220,237 175,226 79.56 % 1.2569 
Evening College Undergraduate 
Enrollment 28,496 25,527 89.58 1.1163 
Total Undergraduate Enrollment 248,733 200,753 80.71 1.2390 
Public 156,889 132,414 84.40 1.1848 
Private 91,844 68,339 74.41 1.3439 
Total Graduate Enrollment 25,927 20,305 78.32 1.2769 
Public 10,159 7,774 76.52 1.3068 
Private 15,768 12,531 79.47 % 1.2583 
« Engineering Enrollments and Degrees, 1956, Circular 494, U. S. Department of Health, Welfare anq 
Education, Office of Education, Washington: 1957. Does not include Alaska, Hawaii, Puerto Rico; also 
excluded are five small institutions listed in Circular 494 which have discontinued their engineering 
programs or which have no undergraduate engineering enrollment. 
N 
< 
3} 
Structure of the Sample licly supported institutions is included in = 
The criteria used for comparing our our sample, while 74 per cent of under. ¢ 
sample returns with the population were graduate enrollment in private institutions " 
enrollment data. A comparison of sample is included in the sample. For graduate 4 
returns with total enrollment figures is engineering enrollment, 76 per cent of 2 | 
given in Table A-1. The responding in- the enrollment in publicly supported in- a | 
stitutions account for 80 per cent of day stitutions and 79 per cent of the enroll- a | 


college undergraduate engineering enroll- 
ment, and 90 per cent of evening college 
undergraduate engineering enrollment. 
The responding institutions also account 
for 78 per cent of total graduate engi- 
neering enrollment in the nation.’ 

There is a further breakdown showing 
the percentage return from public and 
private institutions. Eighty-four per cent 
of the undergraduate enrollment in pub- 


‘ If the nine late returns had been included, 
our sample would have accounted for 85 per 
cent (rather than 80) of day college under- 
graduate engineering enrollment, 97 per cent 
(rather than 90) of evening college under- 
graduate engineering enrollment, and 92 per 
cent (rather than 78) of total graduate engi- 
neering enrollment. 


ment in privately supported institutions, 
are likewise covered by our sample insti- 
tutions. Column 4 of Table A-1 lists the 
multipliers used in the appropriate tables 
in this report to expand the sample re- 
turns to represent the popt lation. 
Similar data are presented in Table 
A-2, which shows engineering enrollment 
in public and private institutions for 
1956, for all institutions and for the 
CDEF sample, broken down by under- 
graduate and graduate enrollments. The 
difference in the distribution of enrol 
ment between public and private ae 
small when comparing enrollments of all 
institutions and enrollments of the CDEF 


* These are the reciprocals of the percent: 
age listed in Column 3. 
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sample. Approximately two-thirds of the 
undergraduate enrollment is in public in- 
stitutions, whereas approximately two- 
thirds of the graduate engineering enroll- 
ment is in private institutions. 

Table A-3 shows a regional comparison 
of the CDEF sample with that of the 
total United States in terms of engineer- 
ing undergraduate enrollment and engi- 
neering institutions.” With respect to engi- 


The regional classification used is that 
employed in Engineering Educational Facili- 
ties, Engineering Manpower Commission of 
Engineers Joint Council, Report No. 104, May 
1957. States included in each region are, East: 
Connecticut, Massachusetts, Maine, New 
Hampshire, New Jersey, New York, Pennsyl- 
vania, Rhode Island and Vermont; South: Ala- 
bama, Delaware, District of Columbia, 
Florida, Georgia, Kentucky, Mississippi, 
Maryland, North Carolina, South Carolina, 
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neering undergraduate enrollment, oy; 
sample ranges from a low of 766 per 
cent in the Pacific region to 85.8 per cent 
in the Southern region. With reference 
to engineering institutions, the sample 
ranges from a low of 70.0 per cent in the 
Southcentral region to a high of 8],] per 
cent in the Midwestern region, Chart 
A-1 shows a regional distribution of oy 
responding institutions compared with 
the total number of institutions in each 


region. 





Tennessee, Virginia, and West Virginia; 
Southcentral: Arkansas, Louisiana, Oklahoma, 
Texas; Midwest: Iowa, Illinois, Indiana, Kan. 
sas, Michigan, Minnesota, Missouri, Nebraska, 
North Dakota, Ohio, Wisconsin; Mountain 
Arizona, Colorado, Idaho, Montana, Nevada, 
New Mexico, Utah, Wyoming; Pacific: Cali- 
fornia, Oregon, and Washington. Our sample 
does not, of course, include schools in Alaska, 
Hawaii or Puerto Rico. 


APPENDIX CHART A-1 
REGIONAL DISTRIBUTION OF ENGINEERING INSTITUTIONS AND CDEF SAMPLE 
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A breakdown of returns by accredited 
and non-accredited institutions is given 
in Table A-4. 147 
credited institutions 122 (representing 
an 83 per cent return) submitted usable 


Of a maximum of 


returns. Our sample contains a 60 per 
cent return of non-accredited institutions. 
A regional breakdown of these data indi- 
cates a sample return of accredited 
schools ranging from 66.7 per cent in the 
Pacific region to 92 per cent in the South. 
Among the non-accredited schools, the 
sample range 


East to a high of 85.7 per 


1 from a low of 37.5 per 
cent in the 
cent in the Pacific region. 

Table A 2 


tlon ot ult if 


hows a regional distribu- 


graduate engineering enroll- 
the U. S. and the CDEF 
1 down by public and pri- 
The 
the 


ment for 
sample, bi 
vate instituuions 
( > | ¢ een 
centage 


differences in per- 
total universe and 
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the sample for both types of institutions 
are small; in no case are they large 
enough to be statistically significant. This 
information is presented graphically in 
Chart A-2. 

On the basis of the enrollment criteria, 
the proportion of institutions, the regional 
distribution, and the distribution between 
public and private institutions, the CDEF 
sample appears to be an excellent repre- 
sentation of the surveyed population. 
Throughout the report all sample data 
were expanded by enrollment multipliers. 
Regional data were expanded on the 
basis of regional multipliers, and data for 
public and private institutions were ex 
panded by separate public and private 
expansion multipliers based on under 
graduate enrollment. 

Another test of our sample was made 
to ascertain whether the 


results were 
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132,414 


248,733 
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156,889 


Total 
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biased in any way by the inclusion of 
institutions devoted entirely or predom- 
inantly to the training of engineers. 
Twenty-two homogeneous institutes of 
technology were selected from our sam- 
ple, and data on enrollment and faculty 
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projections for these institutes were com- 
pared with similar data for the whole 
sample. The differences were found to be 
non-significant. This analysis lends fur- 


ther support to the reliability of our 
sample. 


The following pages show the 5-page 
questionnaire and the instruction sheet 
used in this survey. 
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10. Will you please indicate the basis on which salaries in your college of engineering are determined, ; 
ie 
is vour basic salary for (1) teaching only, (2) teaching and research or (3) some other combination 


or 


arrangement’ 


11. Will you comment on 
(a) any changes vou have estimated in the ratio of engineering to total enrollments 
(b) any changes in the relation between engineering enrollment and faculty such as different rela 
tive enrollments of underclassmen and upperclassmen or of undergraduate and graduate sty. 


dents, planned changes in student-faculty ratio and the like 


2. Will you please give us any other comments you care to make concerning you! eering faculty 


problems including any elaboration or explanation of questions 1-9 


Oe ee eee 


Title — 
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9 May, 1958 
INSTRUCTIONS FOR 
SURVEY OF ENGINEERING FACULTY NEEDS 
Definitions: For the purposes of this survey the following definitions are to be employed A member of 
the engineering fac ulty is a person on the staff of the engineering college or division who teaches engineer 
ng or eng ring science subjects (as defined in the report of the Committee on Evaluation of Engineering 
Fducatior ngineering students. Persons on the engineering college faculty who teach other subiects 
such as basic science and mathematics or the humanities) and those in other divisions of the university who 
yy teach engineering students are not included in this definition. Part-tme teachers are to be translated 
to full-tum juivalents l'wo part-time teachers, each teaching one-half load, for example. consti Y, 
me ent. Exclude members of the faculty engaged fuJl-time in research 
Type of Institution: This classification of institutions by type is the one which has been emplove 
» numbe irlier ASEE surveys. If additional information is required to accurate iss 
tion ite this above the « lassific ition given on the questionr aire 
Type of Community: By an urban (industry centered) community we mean one in which there 
istria shments within easy commuting distance of the engineering institutior \ non-urbar 
ge centert mmunity is one which is predominently non-industrial The purpose of reque 
format certain the number of institutions in which consulting opportunities are readi LCCeSS 
e. and tt er of institutions where the engineering teachers’ professional tivities irge 
ne versity 
Enroll: it Data: Will vou ple ise give us enre nts 
tent ind facilities of vour institution lor Dta t 
s of « for your institution as a whole from another officer of vour college or universit + 
' { le by individual institutions are to be added to obtain an aggregate projectio all ¢ 
eering ; the country, we urge you to make these estimates as carefully as possibl: 
| I} S t in attempt to determine the extent to which engineering students are ta ht 
g ser ments In some « ises supporting teachers will be in the " { ngine 
hers the other colleges or divisions of the university In either ise, Wil ) ease 
ult he spac ! he appropriate percentages of the total teaching vad 
3. In ec d 3b. we are asking for the present nu nber of positions requiring iditiona 
lt , budgeted positions not now | lled: in 3b positions (on a tull-time replacement bas 
are lequate ly filled Dy part-time or temporary persons In brief. we are nterested let 
ing th er of positions for which fully qualihed full-time engineering teachers a ! 
olumns 4 I we are aSking lor vour Dest estimates of your total engineering tacul requireme 
epartmet he academic years showr 
By “fac meant those with some teaching responsibility, such as professor. associate professor 
assistant prof nstructor, teaching fellow. laboratory assistant and other teaching assistants Exclude 
se engag I research on a full-time basis Express your ftacult req ements 1 Tul 
If ve 1 car e us the detail by departments bevond 1957-58 in columns 5 tt rough 7. please give us 


he estimated 
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May, 1958 


ENROLLMENT AND FACULTY REQUIREMENTS 


APPENDIX TABLE B-6 


ESTIMATED TOTAL APPOINTMENTS FROM 1956-57 To 1966-67 as PER CENT 


Public 
Urban 


Non-Urb 


Total 


Private 
Urban 


Non-Urba 


Total 


Total Pu 


OF 1956-57 FACULTY, By PUBLIC AND PRIVATE INSTITUTIONS 


1956-57 


FAcuLTy 

2121 

an 3146 
5267 

3548 

n 263 
3811 

9078 


data expanded by multipliers of 1.1848 for public a 


titutions. 





1957-58 
Per CENT 


22.4% 
22.6 


Py 
42.0 


16.0 
17.4 


16.1 


19.8% 


1959-60 
Per CENT 


46.2% 
44.8 


45.1 


40.0% 


1961-62 
Per Cent 


50.5 
48.0 


1966-67 


Per CENT 


— 
to th 
a | 
Qa 


& : 
~] 


78.6 


86.6 


105.6‘ 


id 1.3439 for 
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yay, 1958 ENROLLMENT AND FACULTY REQUIREMENTS 


PER CENT INCREASE IN TOTAL SALARY BILL FOR ALL ENGINEERING 


Public 
East 
South 
South Central 
Midwest 
Mountain 
Pacific 


Total 


Private 
East 
South 
South Central 
Midwe 
Mount 
Pacific 


Tota 


Public and private 
East 
South 
South Central 
Midweé 
Mounta 
Pacific 


Total pub] 
and privat 


APPENDIX TABLE B-14 


INSTITUTIONS BY REGIONS 


1956-57 


$ 5,032,000 
7,316,000 
4,003,000 

11,913,000 
3,230,000 
3,037,000 


$34,531,000 


$14,822,000 
1,777,000 
648,000 
6,418,000 
174,000 
1,720,000 


$25,559,000 


$19,874,000 
9,086,000 
4,086,000 
18,326,000 
3,400,000 
4,756,000 


$60,090,000 


1966-67 


$13,354,000 
18,156,000 
9,996,000 
27,388,000 
7,238,000 
7,332,000 





$83,464,000 


$28,880,000 
3,791,000 
1,907,000 
12,681,000 
560,000 
2,712,000 


$50,531,000 


$42,306,000 
21,922,000 
11,888,000 
40,056,000 
7,785,000 
10,038,000 


$133,995,000 


Note: Sample results expanded by regional multipliers. 


859 


Per Cent 
INCREASE 
165.4% 
148.2 
149.7 
129.9 
124.1 
141.1 


141.7% 


123.0% 








860 JOURNAL OF ENGINEERING EDUCATION voi, 4g_no 9 : 


ASEE DIVISIONAL PUBLICATIONS AND EDITORS 


AERONAUTICAL Division NEWSLETTER 

AERONAUTICAL DivIsiON BULLETIN 

MECHANICS Division NEWSLETTER 
Vincent Haneman, Air Force Institute of 
Technology, Wright-Patterson AFB 


ARCHITECTURAL ENGINEERING 
NEWSLETTER 


TRANSACTIONS OF THE CHEMICAL 

ENGINEERING DIVISION 
Albert H. Cooper, Pratt Institute of Tech- 
nology, Brooklyn, N. Y. 

Civic ENGINEERING BULLETIN 
H. H. Schweizer, Colorado State Univer- 
sity, Fort Collins, Colo. 

JoURNAL OF ENGINEERING DRAWING 
Irwin Wladaver, College of Engineering, 
New York University 

THE ENGINEERING ECONOMIST 
(rthur Lesser, Jr., Stevens Institute of 
Technology, Hoboken, N. J. 

ENGLISH DivistoN NEWSLETTER 
Edward C. Sampson, Clarkson College of 
Technology, Potsdam, N. Y 

Heat Power News & VIEWS 


C. O. Anderson, North Dakota State Col- 
lege, Fargo, N. D. 


HuMANISTIC-SOCIAL Drvision 
NEWSLETTER 


William H. Davenport, Harvey Mudd Col. 


lege, Claremont, Calif. 


INDUSTRIAL ENGINEERING Drvisionar 
NEWSLETTER 
R. C. Carson, Jr., North Carolina State 
College, Raleigh 


MACHINE Desicn & MANUFACTURING 
BULLETIN 
Fred H. Posser, New York University, 
N:. ¥; 
MINERAL ENGINEERING Drvision 
NEWSLETTER 
M. W. Kriegel, North Carol 
lege, Raleigh 


na State Col- 


NuUCLEAR EDUCATION COMMITTEE 
NEWSLETTER 
V. E. Bergdolt, Purdue University 


Puysics Division 


C. E. Bennett, University Maine, Orono 


The JourNAL editor would appreciate 
hearing from Divisions or Committees 
whose publications or editors have been 


omitted here. 


COOPERATIVE JOURNAL DEPARTMENTS 


Aeronautical Division 

Vincent Haneman, Wright-Patterson AI'B 
Chemical Engineering Division 

A. H. Cooper, Pratt Institute of Tech- 


nology 


YET-itudes 


Robert D. LaRue, Colorado State University 


Graphic Science 
Eugene G. Paré, State College of Wash- 
ington 

Mechanics Division Bulletin 
Arthur Davis, Iowa State College 











